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CHAPTER I 
BACKGROOND AND PROBLEM 
Introduction 
The experiments to be described deal with the mechanism of 
action of gonadotrophic hormones upon the biosynthetic activity of 
testicular tissue. Such experiments have become possible r:s 
the result of three major developments in this field. Firstly, 
the purification of gonadotrophIc hormones has been accomplished 
on a relatively large scale, with the result that generous qUQnti~ 
ties of highly purified preparations have become available. Second-
ly, the b!osynthetic pathways leading to the production of steroid 
compounds have been intensively studied and thirdly, the mechanism 
of action of corticotrophin upon the adrenal cortex has been the 
SUbject of numerous important investigations. The present chapter 
attempts to correlate current concepts of these diverse developments 
and replaces a formal historical treatment of the remote events to 
Which our present understanding of the subject can be traced. 
The lIterature is reviewed under the following headings: 
I. Gonadotrophic Hormones 
A. The N9ture ~nd Number of Pituita~ Gonadotrophic Hormones. 
B. The Nomenclature of Pituita~ Gonadotrophic Hormones. 
- 1 -
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c. The Purificati on and Presently Ava i 1ab1e Preparoti Qns of 
Pituita~ Gonadotrophic Hormones. 
D. The Chemist~ of Pituitary Gonadotrophic Hormones. 
E. The Assay of Pituita~ Gonadotrophic Hormones. 
F. The Action of Gonadotrophic Hormones. 
G. Chorionic Gonadotrophin: 
1. Discovery. 
2. Purification and Present Preparations. 
3. Action. 
4. Assay .. 
H. The Me chan! sm of Act i on of Troph! c Hormone s : 
1. Gonadotrophins. 
2. Corticotrophin. 
II. The Biosynthesis of Steroid Hormones 
A. Biosyntheti c Pathways. 
B. Energy Requirements for Steroid Synthesis. 
C. Sources of Energy for Steroid s,ynthesis. 
1. - Sources of Reduced Triphosphopyridine Nuc1e otide. 
2. Source of Adenosine Triphosphate. 
D. The Rate of Steroid Synthesis. 
IIL The BiosyntheSis of Fatty Acids 
I. OONAOO'lROPHIC HORKJNE.S 
A. The Nature and Number of Pituitsty GonadotrophIc Hormones. 
The results of hypophysectomy in both adult and immature 
animals leave no doubt that normal gonadal function is, in part at 
least, dependent upon tm activity of the adenol:wpophysis (1,2). 
F1nhman, for example, in 1927 gave a masterly account of this 
relationship in the case of the ovary. It has, moreover, been 
long realized that the gonads in turn affect the pituitary, since 
castration is followed by striking histological changes in the cells 
of the adenoqypopnysis (3). 
Mal"\Y of the early experiments were performed on female animals 
and progress was delayed by the discovery that extracts from or 
implants of pituitary tissue failed to initiate and to maintain 
adult ovarian function in immature ovaries. In many cases the 
phenomenon of luteinization without ovulation was seen - the corpora 
1utea containing ova (4). However, two independent reports appeared 
within one year announcing the discovery of a gonadotrophic substance 
in blood and urine respectIvely, of menopauS1a1 women (5,6); both 
substances ca used growth of ovarian fOllicles. These findings were 
logically taken to indicate the existence of two gonadotrophic 
" 
hormones, one causing follicular growth and the other causing the 
development of corpora lutes. 
Accordingly, attempts were made to isolate these hormones fran 
- 3 -
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pituita~ tissue and this was achieved to the extent that two proteins 
were isolated, each showing predominantly one or other effect, but 
neither being entire ly free of the other. Numerol1S workers have 
endeavored to enhance the purity of these substances but so far it 
would not be safe to say that either hormone is available in a state 
of absolute purity. Nevertheless, highly purified preparations are 
at present available and the physico-chemical properties of th!se 
are suffi ciently distinct to Justify the belief that, apart from 
prolactin, sheep, swine and human pituita~ glands contain two 
fPnadotrophins. Table I shows some of the important differences 
between the properties of the two sheep hormones. 
Table I 
Comparison of Physico-chemical Properties of Sheep FSH and ICSH 
(after Steelman and Segsloff (51» 
Property FSH ICSH 
Isoelectric Point (pH) <5.0 7.3 
Molecular Weight 25,000-30,000 30,000 
DEAR Cellulose pH 7.0 Retained Not retained 
0.01 M NaCl 
eM cellulose pH 6.0 Not rete ined Retained 
0.01 M NeCl 
HYdroxya4atite pH 6.8 Not reta ine d Retained 
0.0 M F04 
Stability to Pancreatin Stable Unstable 
Stability in lyophilized state Unstable Stable 
In spite of such findings and of the gross differences in the 
biological actions of the two hormones, some workers (7) have 
suggested that the pituita~ produces one gonadotrophic hormone with 
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both follicle-stimulating and luteinizing actions and that the two 
preparations which appear to possess only one or other activity, are 
biological or chemical artefacts, appearing during extraction or 
purification. There is little to s~ort such a view except that 
the adenoqypophysis possesses highly active proteolytic enzymss (8) 
whi ch could possibly attack a prote in molecule dur ing extraction and 
that the unequivocal identification of two distinct gonadotrophins 
in human urine has yet to be achieved (9). However, Squire end Li 
(33) have been careful to consider the first possibility and accord-
ingly extract at a pH well below the optimum of the more prevalent 
proteolytiC enzyme found in sheep pituitary tissue. On the other 
hand, the difficulty of identifying two urinary gonadotrophins 
may represent a purely technical problem arising from such factors 
as the variable and cOOlplex composition of urine or may reflect 
differences in the metabolism or excretion of the tw hormones. 
Aposto1akis and Loraine have recently shown that the renal 
clearance of human pituitary gonadotrophins is low (10), but as 
I 
yet the relative clearance of the two gonadotrophins has not been 
1 
studied, although it has been shown, by investigations of patients 
subjected to ~ophysectoIl\Y, that human urinary gonadotrophins are 
of pituitary origin (12). 
It has been clearly demonstrated that two gonadotrophIc activities 
are displayed b,y the pituitary tissaes of sheep (85), swine (27) and 
men (48). The isolation of two pnysico-chemically distinct and highly 
purified proteins from the glands of sheep, swine and man strongly 
snpports the existence of two hormones. In what follows, it will 
be assumed that the adenol\Ypophysis secretes (in addition to prolactin) 
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two gonadotrophins, namely follicle-stimulating hormone (FSH) and 
interstitial cell-stimulating hormone (ICSH) and that these two 
hormones are released into the blood stream, although their separate 
identification in pla.sma has yet to be achieved. 
Following the first crude separation of the two gonadotrophins 
fran pituitary tissue derived from animals of both sexes, it was 
shown that the same hormones were active in hypophysectomized male 
animals, FSH being spermatogenic while ICSH stimulated the Leydig 
cells (98,99). Moreover, hypophysectomy was sho~ to be followed b,y 
striking changes in the interstitial ce lls of both the ovary and 
the testis (14,21). In the case of the ovary, these cells became 
smaller and showed dense chromatin-staining material (so-called 
agmination of chromatin), which gave the cells a characteristic dense 
appearance readily detected with the low power of a microscope (4,14, 
21). Selye described these changes with the name .tdeficiency cells n 
(4) and Simpson (14,21) described analogous changes in the Leydig 
cells. In hoth cases these changes were reversed b,y the administra-
tion of ICSH (4,14,21). 
Uhequivocal evidence was soon available that a Single preparation 
of FSH was capable of stimulating both ovarian fOllicular development 
ar:d spermatogenesis, but seme objection was raised to the assumption 
that the hormone which caused luteinization ws identical wi th that 
whi ch stimulated interstitial cells (14). However, Fevold showed 
that the one hormone produced both effects (15), thus dispOSing of 
the contention of Evans !i!l- that ICSH could stimulate only the 
interstitial cells of the ovary while the luteinizing hormone could 
also produce lute inizetion (14). 
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B. The Nomenclature of Pituitary Gonadotrpphi c Hormones. 
If the pituita~ secretes two gonadotrophins and if these 
hormones are active in both sexes, the problem of nomenclature arises. 
Since the two hormones derived fram either sex exert analogous effects 
Upon both the testis and the ovary, it would seem desirable to use 
the same names for both hormones, regardless of the sex of the animals 
from which they are derived. It must, however, be realized that the 
exact structural identity of the hormones in both sexes has not been 
established and that the present source of both hormones is slaughter-
house material contaIning an unspecified mixture of pituita~ tissue 
from both sexes~ Such a scheme would suggest the names follicle-
stimulating hormone and interstitial cell-stimulating hormone, 
Which, however, have certain disadvantages. In the first place, these 
names are awkward and in the second place, follicle stimulation is 
confined to the ova~, ~ile interstitial cell stimulation refers, 
in the case of the ova~, to a much less conspicuous response than 
the dramatic phenomenon of luteinization. If the last objection is 
met by using the term luteinizing hormone for the hormone derived from 
female animals and thus adopting three names for two hormones, we 
unwittingly suggest an identity between the sexes in the case of 
follicle-stimulating hormone which is lacking in the case of inter-
stitial cell-stimulating hormone. 
Van Qyke and Coff~n suggested resolving this dilemma b,y adopting 
the names thylakentrin and metakentrin (16). Kentrin, meaning Uto 
geed or stimUlate ", is common to both words. Folli cle-stimulating 
hormone would then be ca lled thylakentrin, twlos be ing e bag or sac. 
Aristotle used the word tbylos to refer to the sac in Which the eggs 
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of the tunny are envelop'ed ahd by a happy chance the noon 
ey~a'Rrt is the Greek word for scrotum, so that one name might 
serve for both sexes. Metakentrin was prOposed for interstitial 
cell-stimulating hormone, !!!:.! meaning 'tbetween" or "among". Uh-
fcrtunately, th!!se names have never received popular approval and 
the hope is respectfully expressed that t~ m~ be resurrected to 
receive the blessing of an international congress and a second chance 
to reveal their worth. In the present work the names follicle-
stimulating hormone and interstitial cell-stimulat ing hormone will 
be used and wi 11 appear in the abbreviated forms FSH and ICSH. 
c. The Purification and Presently Available Preparations of 
Pituitary Gonadotrophic Hormones. 
In 1931, Fevold and coworkers published an account of tl:e first 
satisfactory method for the preparation of relatively pure gonado-
trophins from sheep pituitary (17). This method was based upon the 
solubility of FSH in water following aqueous pyridine extraction of 
the pituitary. In 1939, Jensen and coworkers in Li's laboratory, 
described a different method for the isolation of the two hormones 
in the same species (18), While in the same year the group at the 
Squibb Institute for ~dica1 Research (Greep, vanQyke and Chow) 
separated the two hormones from swine pituitary with the aid of 
proteolytiC enzymes (19); this method was based l1pon observations of 
McShan and Meyer who showed that trypsih destroyed the activity of 
lasH" but not that of FSH (20). 
The following year brought publications from both laboratories. 
Li's group modified the method of 1939 (22) and reported on the 
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physico-chemical and biological prcperties of sheep ICSH (21) and on 
th! pituitary content of ICSH (23). Meanwhile" Greep and co11eagl2s 
succeeded in preparing the swine hormones without preliminary pro-
teolytic digestion (24) and achieved three aims" name1yt 
(1) separation of the two gonadotrophins in one stage without 
serious loss, 
(2) evidence of biological potenqy and purity of the hormones 
in ~pophysectomized rats, and 
(3) physico-chemical evidence that the hormones were nearly 
pure. 
In a second paper the same year, Greep ~ !l. announced that 
their preparation of swine ICSH was homogeneous to electrophoresis, 
ultracentrifugation and oonstant solubility (25). The minimal active 
dC$e in the hypopqysectomized male rat was 6.7 ~g. In the female, 
their ICSH caused luteinization if follicles were present. 
Later in 1940, Li !i!l. indicated that their preparation of 
sheep ICSH was homogeneous to electrophoresiS but differed strikingly 
in physico-chemical properties from the swine preparation of Greep 
!l !l. (26). 
The Squibb group in 1942 summarized their experience with swine 
FSH and ICSH in a series of three masterly papers (27-29). They had 
simplified the original method of preparing ICSH by precipitation at 
the isoe1ectric point. Their findings indicated that both preparations 
were, according to tests of biological activity, highly purified. 
In the ensuing years, protein chemists oame to realize that the 
criteria of purity in the case of proteins had not been su!fio.:i.ent1y 
rigorous (30). As existing techniques weN refined and methods sooh 
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as zone electrophoresis were introduced, it was seen that absolute 
purity was an ideal not attained in the case of most existing protein 
preparations and, moreover that the purity of proteins should be 
defined in terms of the operations used to examine such purity. In 
short, it was realized that t~uritylt was assumed if homogeneity was 
observed in a number of laboratory procedures which vere required 
to be specified in each csseo Consequently, the purity of protein 
hormones ~s examined more critically. For example, in 1958 Squire 
and Li submitted their 1940 preparation of sheep.ICSH (Li ~ a1. 
1940 (21» to chromatography on IRC-50 resin (XE-97) and separated 
two fractions, one of which was purified by zone electrophoresis on 
starch and rechromatography on IRe-50 (31). The product was called 
~-ICSH. 
The value of ion exchange resins fer the selective adsorption of 
ICSE vas clearly demonstrated by Leonora and coworkers in the same 
year (32). These workers used the anion resin XE-59 at pH 9, followed 
by the cation resin XE-97. The following year Squire and Ll published 
a full account of the preparation of highly p~ified ~-ICSH (33). 
The procedure involves precipitation with alcohol, ammoninm sulfate 
and sulfosalic,ylate, chromatography on the ~sin Amberlite IRe-50, 
zone electrophoresis on starch at pH 4.2 and finally, by rechromat-
ography. The material obtained was homogeneous to zone electrophoresis, 
boundary electrophoresis, ultraoentrifugation and diffusion. The 
prooess yielded 600 mg of ~-ICSH from 1 kg of pituita~ and the mole-
cular weight was calculated to be 40,000. 
In 1959, Ward and colleagues confirmed the occurrence of.two 
chromatographically distinct ICSH fractions from sheep pituitary 
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which they separated ~ means of the ion-exchange agent~ carboxymethyl-
cellulose 'and qydroxyapatite (34); both fractions were shown to possess 
ICSH activity in the ventral prostate test using both h;ypop:twsectomized 
and intact rats. Ward called the slower moving compoWld LH2• The 
faster moving LHl on rechromatograp~ was partly dissociated into LH2 
and a substance not retained by the column. The authors showed that 
LHl and LH2 were approximate ly equal in potency to the Armour standard 
Ui227-80. Viscosity and ultracentrifugel date indicated a moleculer 
weight of 38,000 for LH2• A later paper indicated tl"et LHI ws a 
chromatographic artefact formed betw<een LH2 and an acid protein 
present in the crude gonadotrophic fraction before chromatography (35). 
These disturbing findings indicate that experience with other pro-
teins (30) has repeated itself with ICSH, ~ich can only be regarded 
as pure by specified criteria and Judgment should be reserved con-
cerning the pOSsible presence of small amounts of contaminants. Squire 
aOO Li, howver, state that their ~-ICSH contains no other pituitary 
hormones in concentrations greater than 0.1 per cent (33). The occurrence 
of two fractions of ICSH originally raised the possibility of the 
secretion of numerous gonadotrophins but artifactitious association 
wi th other proteins appears to be a more probable explanati on for such 
fractions. 
,Isolation of mUltiple IC'SH fractions has also been reported by 
Jutisz and Squire (36) and by Leonora !l !l.(32), while association 
of gonad'otrophins with inactive proteins has been reported by Bourrillon 
!l!l. (37,38). It seems possible that this phenomenon is not uncanmon 
and should be kept in mind when the purity of gonadotrophins is under 
discu.ssi on. 
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Meanwhile progress was being made with the purification of FSH. 
In 1940, a relatively pure preparation of sheep FSH was achieved in 
Li's laboratory (39)~ and the method was later modified using ethanol 
precipitation, dialysis and ammonium sulfate fractionation (40). This 
method gave a sUbstance which was homogeneous to electrophoresis, to 
dialysis and to ultracentrifugation. In 1950, vanDyke and' coworkers 
found that the most satisfacto~ method of preparing swine FSH was 
by salt fractionation with ammonium sulfate (41), while in 1953, 
Steelman and colleagues used acid acetone extraction to isolate FS-I 
from the same species (42). Two years later Steelman and his groqp 
submitted their preparation to digestion with pancreatin at 37°C fC?r 
3 hours, using an en~e to substrate ratio of 1:100 (43). In spite 
of a considerable increase in activity, the product of digestion was 
not homogeneous to ultracentrifugation, while electrophoresis indi-
cated the presence of five components. In 1956, the same workers 
gave a full account of their method of purification and showed that 
the bulk of the material was composed of contaminants (44,45). How-
ever, homogeneity was achieved with the aid of DEAE cellulose to 
'Which the digested material was applied at neutral pH and low ionic 
strength. Elution with 0.5 M sodium chloride and 0.1 M disodittm qydro-
gen phosphate was followed by dialysis and rechromatography. The 
final product was shown to have a moleCUlar weight of 29,000 and to 
be 30 to 50 times as potent as the Armour standard (264-151-X); 1-2.5)Jg 
of Steelman's material caused a significant increase in the ovarian 
weight of rats (45). 
As in the case of ICSH, li and colleagues in 1958 demonstrated the 
value of zone electrophoresis, which purified their FSH preparation 
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of 1949 tenfold but still left the hormone inhomogeneous to zone 
electrophoresis (46). Indeed, the major protein component of the pre-
paration studied by zone electrophoresis proved to be bi ologica11y 
• inert:. In the same year, Li !i llo prepared FSH from human pituitary 
and purified the hormone 15-fo1d ~ ammonium sulfate fraotionation 
together with a cation exohange resin (47). In 1960, the same group 
pl.1blished a full account of'a method for the isolation of homen FSH 
and ICSH (48). Steelman and cowo~kers have also published a method 
for the preparation of highly active human FSH (49). 
Ellis made a valuable contribution to the field in 1958 by pub-
1ishing a scheme for the reoove~ of fonr anterior pituitary hormones 
in one procedure (50). The method involves the successive use of 
metaphosphoric acid and ethanol preCipitation, chromatograpny on 
dietqy1aminoethyl cellulose and zone electrophoresis. Using sheep 
pituita~ the author reported the isolation of FSH 30-40 times as 
active as the Armour Standard (264-151-X). The ICSH produced was 
purified 50-fold by adsorption on a cation exchange res in. This method 
of purification has been used in the preparation of most of the gon-
adotrophins used in the experiments to be described. 
Stee 1msn has reviewed the procedure s in current use for the 
separation and purification of FSH end ICSH (51) and pOints out that 
those which are successful in this and ~ich also make provision for 
the: reGove~ of other pituitary hormones as by-products, are based 
opon two prinCipal methods, namely: 
(1) the ethanol acetate method of Koenig and King (52), and 
(2) the Steelman acid acetone method (42). 
The Koenig-King method is successful in ovine and human glands (52), 
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the Steelman method with swine and horse pituitary (60), but not with 
bovine or ovine glands. The Steelman procedure is designed to follow 
Lyon 1 s acid-aoetone treatment for the recovery of ACTH (53) and is 
based upon rapid neutralization and alkaline extraction of the residue 
(Step I porcine FSH) following this treatment. The precipitate 
which appears on cooling the alkaline ethanol extract is called Step 
II porcine FSH and from thi s the Armour FSH standard (264-151X) was 
prepared by the use of repeated ammonium. sulfate precipitation (42). 
The surpris'ing impurity of FSH preparations was revealed when 
Stee 1man show d that the preparat ion of Li !i 21. (1949) (40), from 
sheep, that of vanDyke !i!l. (1950) (41) from swine and the Armour 
standard from sheep were all of approximately equal potenqy, while cer-
tain of his own porcine preparat ions were twi ce as potent as these 
extracts and yet were clearly heterogeneous (51). Further examination 
of FSH preparations which had been regarded as relatively pure, con-
firmed these doUbts, as follows: 
1. Stee 1man subjected his own swine,pr.eparation to fractional, 
electrical t~~nsport studies only to find that it was far from homogen-
eous (44). 
2. Ward and Steelman purified specimens of swine FSH b,y chromatog-
raphy on carboXYDthy1 cellulose and on b¥droxyapatite. These methods 
also revealed that the preparations tested were not homogeneous (34,54). 
3. Ellis and Steelman showed that chromatography on DEAE cellulose 
also revealed contaminants in highly purified FSH (65,50,54). 
4. Steelman ~!l. found that FSH preparations made by digestion 
with pancreatin were impure (44). 
Steelman then set out to purify the material resulting from pan-
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creatin digestion and following chromatograpqy on 'DRAB ce11n10se, 
dialysis, lyophilization and rechromatography, produced a substance 
possessing 3000-4000 per cent of the activity of the Armottr standard 
inthe Stee1man-Pohley essay (55)} this substance showed no evidence 
of contamination by other hormones+ (51). However, in doses of 250 
~g daily this preparation caused an increase in uterine weight in 
Lwpophysectomized rats, but when given daily for 21 days to hypopqysecto-
mized male I"ats it caused no increase in the weight of the ventral 
prostate. Steelman inte~preted these findings as indicating that same 
estrogen secretion occurs under the influence of large doses of FSH. 
In his discussion of this paper, hawver, Greep expressed the view 
that the increase in uterine weight 'Was due to cont ami nat ion by ICSH 
and stated that some of his own earlier samples of swine FSH produced 
no change in uterine weight in large doses (56). Nevertheless, Steel-
manrs preparation was homogeneous on DEAE oellu1ose, ultracentrifuga-
tion and paper electrophoresis. In contrast, undigested preparations 
purified in the same way -wer,e heterogeneous and unstable in the lyo-
philized state. 
It is now possible to obtain highly active FSH and ICSH from sheep_ 
The Koenig-King method yields a mixture of the two hormones. From this 
mixture Ward has shown that separation of the two gonadotrophins is 
readily effected by chrometograpqy on carboxymethyl cellulose, eluting 
with 0.01 M phosphate buffer at pH 6.0; FSH leaves the column while ICSH 
is retained (]4,35). This lCSH is purified to 100 per cent of the Armour 
standard (221-80) by gradient elution end the FSH is purified by DEAE 
cellulose as described above. 
+ The basis for this statement is not given. 
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D. The Chemlstpy of Pituitary Gonadotrophic Hormones. 
Steelman has studied the cmmistry of his swine FSH purified 
after pancreatin digestione The amino acid composition of this sUbstance 
has been determined (51); FSH 1s high in aspartic and glutamic acids 
and in c,ystine-c,ysteine. The molecule also contains carbohydrates 
(galactose, mannose, fucose and hexosamine). Gurin originally showed 
that the percentage of hexose -was approximate ly equal to that of 
hexosamine in the case of both ICSH and FSH (57). The discovery of 
fUcose in FSH is the first example of the occurrence of this sUbstance 
in a pituitary hormone, although it is found in mucOproteins elsewhere 
in the body. 
The stabllity of FSH appears to be somewhat lllJ.usual in that pre-
ps rati ons prepare d without d;igesti on are unstable in the 1yophi 1 ize d 
o 
state even at -20 C, while preparations made by the same method follow-
ing preliminary digestion with pancreatin are stable. Moreoever, O~l 
per cent qysteine causes the activity of digested FSH to decrease by 
a factor of 5, While 0.05 M Versene causes the activi~ of the same 
p~paration to fall by a factor of 10 (51). 
The chemistry of ICSH has been studied by Ward !i!l. who reported 
a high content of glucosamine (5.85 to 8.0 per cent depending upon the 
method and the preparation of LH examined) (34,35). Efforts to char-
acterize the N-ter.m1na1 amino acid of ICSH so far have not been success-
ful (35). 
A number of workers have shown that gonadotrophins differ chemi-
cally and immunologically fran species to speoies. For example vanQrke 
end coworkers were able ~o demonstrate immunological differences between 
sheep end swine FSH (58), while Li and coworkers have compered ICSH 
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from the same two species as shown in Table II (22). 
Table II 
Comparison of the Chemical Properties 'f Sheep and Swine ICSH 
(after Li ~~. (22» 
Property Sheep Swine 
Nitrogen (%) 14.2 14.93 
Molecular weight 40,000 100,000 
Isoe1ectric Point 4.6 7.45 
Mannose (%) 4.5 2.8 
Hexosamine (%) 5.8 2.2 
E. Assay of Gonadotrophic HQrmones. 
ICSH. Among the nwnerous methods 'D.sed for the assay of 
relatively pure ICSH, the following appear at present to be the most 
important: 
(1) increase in the weight of the ventral prostate 
(2) ascorbic acid depletion of the over,y 
{.3} sUperovulati on 
(4) ovarian hyperemia 
(5) weaver finch test. 
Repair of interstitial cells of ovar,y or testis has been widely 
used in the past but such methods are tedious ani time consuming, with 
the resu.lt that they have given way to more expedient procedu.res (4, 
27,68-70). 
(1) Ventral Prostate Method. The ventral prostate of the rat is 
an accessible and convenient end-organ for the estimation of the output 
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of test i cular androgens and can consequently be used in the a ssay of 
ICSH. This method replaced that of Fevold, in which the weight of 
the seminal vesicles was neasured (60), because the latter show a 
considerable difference in sensitivity from species to species. 
Apostolakis and Voigt have shown that the test is much mare sensi-
tive when the l"wpoph;ysectomized 'immature rat is used (61). The 
mthod was devised originally by Greep and c (Workers (62) and 
modified ~ Li !i!l. (6). Although the increase in weight of 
the ventral prostate 'is linear over a suitable dose range, the 
method has been criticized on the grounds that the response is 
affected by the presence of prolactin (64:"66). Nevertheless, a 
method based on the assay of Li !i!l. has been used to measure 
ICSH in human urine (67). 
(2) Ascorbic Acid ~pletion. Parlow haashow that ICSH causes 
a fall in ovarian ascorbic acid and has developed an assay on the 
basis of this finding (71), analogous to that in current use for 
tte measurement of ACTH. Normal adult rats 26-28 days old are pre-
pared by sUbcutaneous injection of 75 I.U. of unfractionated 
pregnant mare plasma, followed 56-65 hours later by 25 I.U. of 
HOG in order to produce intense luteinization. The right ovary is 
removed for estimation of the cO'ntrol level of ascorbic acid 5-9 
days after the injection of HOG. The material'to be assayed is 
injected intravenously immediatly after removal of the right ova~ 
ani one hottr later the second ovary, is removed and assayed for 
ascorbic acid. The percentage decrease in a'scorbic acid (maximal 
being 40 per oent) is proportional to the log of the dose of 
Armour standard LH between 0.125 and 1.0 ~g. Other trophic hormones 
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are without effect in this assay. The method is quick and easy to 
perfcrm so that it is rapidly gaining in popularity. So far, howver, 
critical studies comparing this method with others have not appearedo 
(3) SUperovulation. The initiation of ovulation has been used 
as the basis for a number of methods for the assay of ICSH (72-79). 
Zarrow and coworkers have developed a method based Upon the number 
of ova released following injection of ICSH in immature female rats 
pretreated with a sensitizing dose of pregnant mare serum (80). The 
authors claim that this method has a sensitivity 100 times that of 
the ventral prostate assay, but so far experience with this procedure 
has been limited. 
(4) Ovarian Hyperemia. Two hours after injection of ICSH, the 
uptake of radioactivity by the ovaries of rats treated with radio~ 
iodinated serum albumin is increased ~ as much as 110 per cent. 
This finding is the basis of the so-called hyperemia method of 
Ellis (81). The author claims freedom from interference by prolactin 
and FSH. It is at present too early to pass Judgment on the value 
of thi s method. 
(5) Weaver Finch Test. Within recent years a number of workers 
have used the response of the feathers of this bird to ICSH as a 
means of assaying the hormone (82,83). The end-point consists in 
the development of a black band in the feathers. FSH does not 
interfere with the test although human chorionic gonadotrophin (HOG) 
gives a positive response 0 The method is extremely sensitive (one 
unit being equivalent to 5 ~g of Armour standard LH-227-80) but these 
small African birds appear to be difficult to raise in cold climates. 
At present, this method can be described as extremely promiSing; it 
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is mentioned chiefly becanse of the remarkable fact ttat this response 
of the feathers is extra-gonadal, being seen in castrated birds of 
either sex or in intact females (82,83). 
Of these methods, tl:at based upon the change i'n the weight of the 
ventral prostate of hypophyse atomized rats appears to be the most 
reI iable and best established. Ascorbi c acid depletion is much 
Simpler and may eventnally replace rival methods. 
FSH. Of numerous nathods used for the assay of relatively pure 
F'SH, the method of Steelman and Pohley (55) is at present the most 
popular. Methods such as the minimal dose required to re-establish 
follicular growth in qypophysectomized rats reqnire elaborate 
histological methods (85-87). Methods used for the assay of mixed 
gonadotIophins (e.go, increase in ovarian weight (88-91), or in 
uterine weight (92-94) are of no interest in tasting the biologi cal 
purity of pituitary extracts since they are not sufficiently speci-
fic. 
Stee1man-Pohley Method (55). This method is based upon the 
observation tl'st exogenou.s HCG increases the response of the imma-
ture rat ovary to FSH. Immature rats (21-22 days old) are pretreated 
with 20. I.U. of HOG subcutaneously on two oonsecutive days and 72 
hours after the first injection, autopsy is performed and the ovaries 
are weighed. The increase in ovarian weight bears a linear relation-
ship to the dose of FSH in the range of 0.05-0.3 mg of ArmOtlr stand-
ard FSH and the calculation of the data is based upon the slope 
ratio method of Finney (84). 
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F. The Act i on of Gona dot rophi c Hormone s. 
Present knowledge of the action of gonadotrophins is based upon 
studies in vivo of the effects produced by injection of highly 
--
purified FSH and ICSH. Since ne ither hormone can be regarded as 
absolu.tely pure" the results of such experiments are not always 
unequivocal. It is only recently that the necessa~ techniques 
have been deve loped to explore tm a at ions of the se hormone s in. 
~ so that present accounts of these actions are largely con-
fined to gross morphological effects. 
In 1942, Greep and Chow gave a detailed account of the biologi-
cal effects of the FSH and ICSH which they had prepared from swine 
pituitary (27). Injection of ICSH into immature hypopbysectomized 
male rats was shawn to cause macroscopic enlargement of the testes 
and secondary sex organs, while microscopic examination revealed 
stimu.lation o:f the Leydig cells and seminiferolls tubules. The authors 
further demonstrated that androgens were capable of repairing or 
maintaining the seminiferous tubules following hypophysecto~, but 
were without demonstrable effect llPon the interstitial cells; they 
conclu.ded that ICSH acts by stimulating the production of androgens 
by the interstItial cells. The level of ICSH nitrogen was shown to 
bear a quantitative relationship to the weight of the ventral lobe 
of the prostate, within certain limits and this observation gave 
rise to the method of assay already mentioned. Injection of ICSH 
into castrated hypophysectomized immature male rats ws without 
effe ct on the SI condary sex organs, indicating tha t adrena 1 andro-
gens were not responsible for the original observations. 
Injection of ICSH into immature hypophysectomized female rats 
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ca used stimulation of the intersti tiel cells but no other detectable 
chang! s. In the normal adult female ICSH appeared to be unable to 
promote stimulation of the interstitial cells, w.hidh are presumably 
under maximal stimulation. However, ICSH could prevent or reverse 
the atrophy of the interstitial cells Which follows hypophysectomy. 
Ovarian interstitial cells appeared to be much less sensitive to 
ICSH than the Leydig cells of the testis (27). 
In immature hypophysectomized male rats, Greep and Ch~ showed that 
FSH increased testicular weight and produced microscopic evidence of 
tubular stimulation, without causing stimulation of th! Leydig cells 
nor of the secondary sex organs (27). In immature female rats FSH 
produced maturation and growth of Graafian follicles, fo11o~d by 
atresia without either cyst formation or luteinization. 
These findings have been amply confirmed and numerous details 
added to this general outline. For example, Lit s group have srown 
that ICSH fails to restore tubular function and only slightly stim-
ulates accesso~ genital structures if it is administered to hypo-
physectomized animals after a latent interval (95,96). On the 
other hand, small doses of ICSH, HOG or pregnant mare serum will 
maintain the seminiferous tubules following hypophysectomy if these 
preparations are' administered immediately after operation (95). 
Larger doses are required to maintain the interstitial cells in a 
normal histological state and to maintain the accessory sexna1 
apparatus (95). The same gr otlp also clearly indtc;ated that inter-
stitial cell-stimulation and luteinizing activity were properties of 
one molecule (21) and Greep showed that both activities were destroyed 
by trypsin (97). 
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Greep am coworkers showed that the effects of ICSH and FSH whi ch 
they described in immature rats were also seen in hypophysectomized 
adult animals (98,99). Fevold!t!!. also indicated that ICSH does 
not act on immature ovaries (100) and together with Hisaw and Greep 
showed that copper salts stimulated the response i!! Y!.Y.2. to pitui-
tary extracts (101)0 The response measured was increase in ovarian 
weight and the authors attributed their findings to the catalytic effect 
of copper;slilt~upon the sYl'lergism:'betweenFSHand LH (123). 
Many contributions have since been made to the details of gonado-
trophic activity, especially in the female. In the male the general 
principle of two gonadotrOphic activities has been repeatedly con-
firmed and will be used here as a starting point far chemical 
investigations of the mechanism of these activities. 
G. Chorionic Gonadotrophin. 
1. Discovery In 1928, Aschheim and Zondek discovered 
a gonadotrOphi c substance in tM blood and urine of pregnant women 
which they named Prolan, in the mistaken belief that it was of 
pituitary origin (102). This substance was detected hy the matura-
tion ~ich it caused in the ovaries of immature rats and mice. The 
extra-pituitary origin of this sUbstance was established by a num-
her of observations including (4): 
(1) FBilure to find increased gonadotrophic activity in the 
pituitary during pregnanc,y. 
(2) Certain qualitative differences were noticed between the new 
f]onadotraphin and those found in the b.lood and llrine of castrate 
humans - the latter showing more FSH-like activity_ Again, pituitary 
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gonadotrophins were shown to cause a greater increase in ovarian 
weight in immature rodents if injected over a period of 72 to 96 
hours.. In this test increasing doses of the new gonadotrophin 
cQused a maximal response which was considerably less than that 
produced by pituitary extracts. 
(3) Prolan produces a localized crop of follicles rather than 
the larger number seen following the administration of FSH. 
(4) In hypophysectomized rodents Prolan causes no follicular 
stimulation, its action being confined to stimulation of the 
interstitial cells. 
These differences led to a search for the source of the new hor-
mone and since its appearance in blood am urine coincided with 
the development of the placenta, this tissue was regarded as a 
likely source. In 1930, Collip confirmed this idea ~ studies with 
placental implants and extracts (103)0 Seven years later Rido showed 
by means of placental implants in the anterior chamber of the rabbit 
eye that the placenta was the site of secretion of the hormone and 
not mere1y a storage depot (lo4) 0 Tissl.le cultU'I'e s showed tmt the 
Langerhans cells secreted the placental gonadotrophin (lo5,106), 
which was appropriately called chorionic gonadotrophin. 
2. Purificatlpn and Present Preparations - The major source 
of chorionic gonadotrophin is human pregnanqy urine and preparations 
from this source are called human chorionic gonadotrophin, abbreviated 
to HCG. 
In 1940, Gurin and colleagues obtained a highly purified form of 
HOO from the urine of pregnant women by adsorption on benzoic acid, 
ethanol fractionation and extraction with chloroform (107,108)0 This 
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material showed an activity of 6,000-8,000 I.U. per mg and appeared 
"nearly homogeneous 11 on ele ctrophores is. Katzman and colleagues 
achieved the same biological potenqy by chromatographic adsorption 
on pennutit follo-wed by elution with 10 per cent ammonium acetate in 
aqueous ethanol (109). 
In 1948, Claesson et al. succeeded in crystallizing the hormone 
--
by precipitation with protamine; their preparation also showed an 
activity of 6,000-8,000 I.Uoper mg (110). 
In 1953, Lyon !i ~. showed that pregnancy urine contained FSH (111), 
which indicated a possible source of contamination of HOG extractso 
Furthermore, Morris and Morris have obtained the most active prepara-
tion so far reported (112); this is homogeneous by electrophoresis 
but not by ultracentrifugation or by solubility studieso It is 
therefore likely that highly purified preparations of HeG have yet 
to be achievedo Commercially available preparations of HCG' are 
made by a process described by Butt (113). This involves the combined 
use of sodium benzoate and sodi um tungstate. 
HOG is a protein, solUble in weter, in 50 per cent acetone and in 
50 per cent alcohol. The pqysieo-chemical properties of Gurin's 
pnJ p ereti on are show in Table III where It wi 11 be seen that MeG is 
a glycoprotein and that the hexose content is apprOXimately twice 
that of hexosamine, whereas In the case of FSH and LH the content 
of hexose and hexosamine are nearly equa 1 (59) 0 The hormone is in-
activated by trypsin end chymotrypsin end by salivary en~mes (114) 
(presumably indicating that the carbohydrate moiety is essential for 
actiVity). Wettstein and Benz have shown that smaller peptide frac-
tions of HOG resulting from pepsin hydrolysis are biologically active 
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(115). 
Gurin !ll.!l. showd that the amino group of the hexosamine is 
acetylated and that another acetyl group is present elsewhere in 
the HCG molecule (107). They regard the ratio, of hexose to hexos-
amine as suggesting that the molecule is bni 1t Up of hexosamine 
digalactose units. 
Table III 
Physico-chemical ~racteristics of Humen Chorionic Gonadotrophin 
; (Cohen (59» 




Total Reducing Sugar 16.0 
Galactose 11.8 
Hexosamine 6.32 
M01euclar Weight 100,000 
Isoelectric Point 3.2-3.3 
3. Action - In the female, HOG stimulates follicular develop-
mant, increases the weight of the immature ovary, stimulates the 
interstitial cells and renders the ovary much more sensitive to the 
acti on of FSH. As mentioned previolls1y, HCG does not stimulate 
follicular development in hypophysectomized animals, although it 
increases the sensitivity o£ the ovaries to FSH in such animals 
(117,118). Moreover HCG has been shown to act synergistically with 
subthreshold doses of pituitary extracts, the mixture producing a 
response greater than the sum of tb! re s1:1 mses to the two extracts 
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administered separately (59,110,117,118). These findings have 
suggested that Hen stimulates the release of FSH from the pituitary 
(118,l19)while it also exerts a direct effect upon the interstitial 
cells. If this is so, the most important difference between the 
action of HOG and that of ICSH may lie in the capacity of HOG to 
bring about the release of pituita~ FSH. 
In the huma~Claesson ~!lo showed that intravenous injection 
of HOG was followed ~ follicular stimulation and increased estro-
gen production (110). Such follicular stimulation was followed Py 
atresia, althotlgh if small doses of pregnant mare gonadotrophin 
were added, rupture of follicles and formation of corpora lutea 
took place. 
In the msl~ chorionic gonadotrophin appears to exert a predomin-
antly interstitial cell-stimulating effect although some stimulation 
of the germinal epithelium does occur (119,121). Whether the latter 
is due to contamination with FSH or represents a response to androgens 
secreted by the Leydig cells or the release of pituita~ FSH or a 
direct action of HOG itself, cannot be stated at present. Chorionic 
gonadotrophin elso promotes the secretion of estrogens by the testis 
(119) and in large doses produces destruction of germinal tisslle (122). 
A. clear stateme'nt'of the action of HCG mu.st await tm development 
of more highly pl.lrified preparations. At present the hormone is 
regarded as producing direct stimulation of interstitial cells and 
as causing release of FSH with which it acts synergistical~. The 
significance of HOG in the present work lies in its nse as B oheap 
and available source of an interstitial cell-stimulating hormone 
to be used in pilot studies preparatory to the use of the mOTe 
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expensive ICSH. 
One curi ous di st incti on between chori oni c gonadotrophin and ICSH 
is that the latter injected int.raperitoaea1ly 'ant:.gonizes oth~r gonado-' 
trophins simultaneously injected sUbcutaneously. This antagonism is 
not seen with BeG nor when ICSH is injected subcutaneously, nor in 
nypOpnysectomized animals (4). 
40 Assay - It was decided in 1938 at the Third International 
Conference on the Standardization of Hormones, to establish an 
internet! ona1 standard for the gonadotrOphic material of human urine 
of pregnan~ (120). An international unit was defined as follows: 
f'The specific gonadotrophic activity of 0.1 mg of the 
standard preparation shall be the international unit 
for the activities of all gonadotropic preparations 
of human urine of pregnancy, but only of such. tf 
It was further agreed that the only tests to be recommended for 
the comparative assay of gonadotrophic activity in terms of this 
unit were those depending upon: 
tie 0 the observati ~ of a direct or indirect gonadotropic 
effect shown by morphological changes in the gonads or 
h. the observation of secondary changes in the accessory 
reproductive organs in animals not deprived of their 
gonads. f1 
The provision was made that in the case of (b), control stUdies be 
used to exclude direct action upon the accessory reproductive organs, 
using castrate snimalso 
Among the methods Which conform to these reqUirements, the following 
have been used: 
(1) Increase in uterine we ight inratso 
(2) Increase in ovar i an we i ght in rats. 
(3) Vaginal cornification in ratso 
-Z9·· ... 
(4) Corpus lute um formation in mice. 
(5) Ovulation in rabbits. 
(6) Repair of ovarian "deficiency cells" in hypophysectomized 
immature rats. 
(7) Increase in ventral prostate weight in rats. 
The most widely used of these methods are (1), (2) and (7). 
Aposto1akls and Voigt have sh~ that increase in ventral prostate 
weight in intact rats provides the basis of an accruate method, whi 1e 
increase in ovarian weight is less satisfactory (61). A method 
described by Dorfman and Rubin using the weight increase of the 
uterus of the immature rat as a measure of activity has proved 
valuable (116). 
H. The Mechanism of Acti on of Trophi c Hormones. 
1. Gonadotrophins - The fact that the t'WO gonadotrophins act 
upon the gonads and that they control both the germinal and endocrine 
functions of these organs, together with the complex cyclic activity 
of female reproduction, contributes to the difficulties of studying 
the mechanism of gonadotrophic activity_ Moreover, highly purified 
gonadotrophins have not been freely available, so that progress in 
this field has been slower than in the case, for example, of the 
mechanism of action of ACTH. Since HOG bes been freely available 
fran human pregnancy urine, early stUdies were made with thi s hormone 
in the belief that it acts in a similar manner to ICSH. 
In 1952, Braqy attempted to show that HOG stimUlates the rate of 
incorporation of labeled acetate into testosterone by slices of 
testis !g vitro (124). It is prObable that Brady succeeded in this 
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undertaking, since his findings have been confirmed (see page 116), but 
in the original paper the author failed to establish the identity of 
the radioactive compound extracted from the incubation medium. Radio-
activity -was measured by eluting the carrier testosterone (located 
b,y ultraviolet absorption) from paper chromatograms, followed by 
plating on aluminum planchettes which were counted in a windowless 
Ge iger counter. 
Braqy used testicular tissue from hog, rabbit and man, although 
stimUlation by ROO was only reported in the case of rabbit testis. 
The author showed an approximEitely ten-fold increase in t12 radio-
activity associated with carrier testosterone in the case of stimulated 
testis. The isolation of testosterone 4epended upon oolumn chromatog-
raphy and one system of paper chromatograp~J no derivatives were 
prepared and recrystallization to constant specific activity was not 
reported. 
Brady also attempted to measure the amount of radioactive cholesterol 
produced in these experiments by means of digitonin precipitation. In 
the presence of HCG the rate of incorporation of acetate into testo-
sterone was increased some ten-fold but no s ignlfi cant change in the 
specific activity. of cholesterol was observed. These findings have 
been t'egarded as evidence against cholesterol as an obI igatory pre-
cursor in the biosynthesis of testosterone although they are open 
to a more probable interpretation (see page 50). 
In 1956, Samuels and He1mreich showed that ReG increases the pro-
duction of the enzyme steroid-3i3-0l-dehydrogenase in the testis (125). 
This increase occurred only 12 to 24 hours after administration of 
HOG and was accompanied by increase in testicular weight. The authors 
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accordingly suggested that the increase in production of this en~me 
may merely reflect a non-specific increase in testicular protein. 
In the following year, Brinck-Johnson and ik-Nes showed that 
HCG stimulates the product ion of testosterone and of A 4-androstene-
+ 3, 17-dione in the dog in vivo (126). Following a single intra-
--
venous injection of the hormone, elevated levels of these two steroids 
were maintained in spermatic vein blood for several hours. The data 
did not enable the authors to define the mechanism of this stimu1a-
tion, although the rapidity of the observed response was taken to 
favor the idea of stimulation of an enz.yme already present in the 
ti SStleS rather than increased production of an en~me present in 
limiting concentrations. Perhaps more recent experience with protein 
synthesis !a vitro makes it necessary to leave this question open, 
since measurable incorporation of labeled amino acids into protein 
occurs within a few minutes in some tissues (129). 
Studies with ICSH in the rat ovary have shown that this hormone 
causes a fall in ovarian ascorbic acid and cholesterol (128). Both 
sUbstances fall within one hour of an intravenous injection of ICSH 
and have returned to normal levels within 24 hours of a single 
injection. 
Studies with FSH hlave been fewer. In 1958, the Hollanders 
showed that a preparation of FSH made by Dr. S. 1... Steelman stimula-
ted the conversion of testosterone-4-C14 to estradiol-4-c14 by slices 
of dog ova~ in vitro++, whether the hormone was administered in vivo 
- --
.. Later in the same year Hollander and Hollander repeated these 
findings (127). 
++ Unfortunately the possible effect of contaminating ICSH can-
not be excluded from these experiments in view of a personal 
communication from Dr. Steelman (page ). 
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or .!!l vitro (130). Administration!!!!iY.2 was not followed by further 
stimulation when tiE hormone was added in vitro. HCG exerted the 
-
same effect and both hormones acted on the anestrous overy. The 
authors were led to the following conclusions: 
(1) Aromatization of testosterone may be a step in the 
physiological path to estradiol. 
(2) FSH stimulates a r·ate-1imit.ing step in the conversion of 
testosterone to estradiol. 
(3) The prompt response observed is unlikely to result from 
increased ftenzyme synthesis due to growth ". 
The first of these conclusions cannot be Opposed in view of the 
cautious wording used. That testosterone may be converted to estra-
dio1 does not mean that it is or that this step is Obligatory. The 
second conclusion is probable but should be phrased to embrace the 
possibility that FSH may make some essential cofactor (e.g., TPNH) 
or some source of energy available for the process of aromatization. 
Recent studies in other organs indicate that the third conclusion 
is unjustified, sInce protein s,ynthesis is more rapid than was 
formerly believed (129). The data presentedd6 not exclude the 
possible effect of contaminating ICSH (see page 152). 
One further piece of data concerning the action of gonadotrophic 
hormones has been provided by Elk-Nes !i !l., namely that FSH, 
ICSH and ACTH do not cause ascorbic acid depletion in the testis (131). 
2. Corticotrophin - Since the adrenal cortex proved to be 
highly active !a vitro using perfusion, slices and homogenates, since 
the products of its syntheti c activity have been carefully character-
ized and since stimUlation ill ~ with ACTH is readily observed 
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in the case of perfusion and that of slices, it is only to be expected 
that the response of this tissue to ACTH proved much more informative 
that that of the sex glands to gonadorophins. 
Perfusion Studies. The first step towards an understanding of 
the action of ACTH came from the perfusion studies of Hechter and 
his colleagues (132). The authors showed that the production of 
corticosteroids ~ the perfused adrenal without added substrate 
proceeded extremely slowly but at a considerably greater rate in 
the presence of ACTH. Moreover, ll-hydroxylation did not require 
the presence of ACTH to proceed at a significant rate and both 
pregnenolone and progesterone were converted to cortisol without 
ACTH. This seemed to indicate that ACTH does not stimUlate the 
biosynthetic pathway after pregnenolone. MOreover, the authors 
produced evidence for the view that the step between pregnenolone 
and its natural precursor is the hiosynthetic pacemaker, even in the 
presence of ACTH. Since it now seems likely that this precursor 
is chOlesterol, it is assumed that the conversion of cholesterol to 
pregnenolone may be specifically sensitive to ACTH, although proof 
of this view with slices or homogenate is still awaited. 
IncreaSing experience with the use of ACTH in vitro indicated 
that the hormone was highly active in stimulating the production of 
oorticosteroids by slices hnt great diffioulty was experienced in 
aChIeving stimulation of homogenates;, in fact, it Is generally 
believed that the hormone is inactive in sUboe11nlar preparations 
(113,134,138). Meanwhile, it was shown that ACTH, lIlhile stimulating 
steroid production depletes the cortex of cholesterol (132,135,136) 
and of ascorhic acid (149-154). The fall in adrenal cholesterol is 
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consistent with the data of Hechter !t!l. (132) and presumably 
reflects ,the use of cholesterol as a substrate far steroid synthesis. 
Reduced Pyridine Nucleotides. In 1957, the first of a series 
of papers appeared which offered promise of clarifying the mechanism 
of action of ACTH. Haynes and Berthet studied the problem from 
three aspects (137). 
(1) The authors showed that ACTH stimulated synthesis de ~ 
of corticosteroids and not merely their release from adrenal cells. 
(2) The influence of reduced TPN, and of systems whiCh generate 
reduced TPN, upon the production of corticosteroids was studied. 
(3) The influence of various carbohydrates upon the production 
of corticosteroids was studied. 
The first point was clearly and convincingly demonstrated, 
while the second approach gave results shown in Table IV. 
Tab1e.IV 
The Influence of Reduced TAl' Upon the Output of Corticosteroids 
by Adrenal Homogenate (After Haynes and -Berthet (137) 
Addition 
None 
Fumarate 4 x 10-2M 
4 -2 Fumarate x 10 Mj 
TPN 4 x 10-~ 
TPNH 6 x 10-3M 
-
The se date ind i ca te that: 
Output of corticosteroids 






(1) The adrenal homogenate is not stimulated by TPN. 
(2) Fumarate causes a considerable increase in corticosteroid output. 
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(3) Fumarate and TPN together cause a still greater response. 
(4) TPNH exerts, in comparison with (2) and (3), a modest degree 
of st imu1ati on 0 
The authors regarded these findings as indicating a specific 
dependence of steroid production upon the available supply of reduced 
TPN. However, certain objections to this claim might be considered. 
(1) AddItion of a high concentratIon of TPNH produces a 
relatively small response in comparison with fumarate. 
(2) The findings would be more convincing if a dose-response 
curve W8re available. The data of Glock end McLean indicate that 
rat adrenal contains a total concentration of TPN (reduced and 
oxidized) of 1.33 x 10-4 mg per mg of tissue (217). The dose 
-2 used in these experiments provides approximately 10 mg per mg 
and it is unfortunate that the only coneentrati on of TPN reported 
is 10 times less than that of TPNH. 
(3) n. design of these experiments could be improved if the 
authors had not fixed opon the arbitrary time of 30 minutes; one is 
interested in the rate of product! on of steroid and a time response 
curve would be valuable. 
(4) The device of adding fumarate follows from the findings 
of Reich end Lehninger (246) and is belIeved, to act by stimulating 
transhydrogenase activity, as shown for steroid hydroxylase activity 
by Sweat and Lipscombe (247). If this is the mechanism by which 
fumarate causes stimUlation of corticosteroid activity in the pre-
sent system, studies of the influence of fttmarate with DPNH seem 
indicat:ed. 
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The third approach gave the data show in Table V. 
Table V 
The Influenoe of Various Carbohydrates Upon the Production of 
Corticosteroids b,y the Adrenal Gland (After Haynes and Berthet (137») 
TPN 4 x 10-4M in each flask Cortioosteroid Output ~g/30 min. 
Addition Homogenate from. Homogenate from. 
control sli oes ACTH treated 
sl ices 
None 2 3 
G-6-P04 10-
2M 110 102 
G-1-P04 10-2M 91 87 
Glycogen 10 mgm/m1 5 14 
Glycogen + liver phosphorylase 69 62 
These findings reveal that: 
(1) Glucose-l-P04 is almost as potent as glucose-6-P04 in 
stimulating corticosteroid production and pretreatment with ACTH 
does not enhance the response in either case. 
(2) Glyoogen causes slight stimulation but greater stimulation 
follOWing exposure to ACTH. Addition of liver phosphorylase with 
glycogen causes a considerably greater response. 
Haynes and Berthet conclude that ACTH stimulates steroid pro-
duct ion by increaSing the available supply of reduced TPN. Again, 
however, their data raise several problems. The response to AcnI 
in the presence of added TPN is disappointing and does not favor the 
interpretation that this hormone is specifically capable of promoting 
reduction of TPN. The excellent response to the added hexose phos-
phates and the failure of ACTH to enhance this response might mean 
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that the cortex has been depleted of glyoogen by a response to 
stress before the experiment (e.g., during handling before sacrifice). 
The following year brought a paper from Koritz and Pe~on (138) 
and a second paper b,y Haynes (139). . Koritz and pefon (138) oonfirmed 
the st !mulating influence of reduced TPN wi ch produced a 3-to 7-
fold rise in corticosteroid production. However, this effect ~s 
further enhanced by ACTIi and the maximal response to ACTH was further 
increased by addition of TPN and a reducing s.ystem. Freezing pre-
vented the response of slices to ACTH (134) but allowed a response 
to !PI and a reducing system which exceeded the combined effect of 
ACTH and reduced TPN in non-frozen slices. The combined effect of 
ACTH and reduced TPN was not additive. 
The authors believe that their data suggest a two-fold action 
of ACTH, namely production of reduced TPN and enhanced synthesis 
of corticosteroid precursors. They rege,rd the action of freezing 
as leading to the release of precursors from so~ bound or unavail-
able s.tate end suggest that homogenization may have a similar effect, 
thus explaining the difficulty of demonstrating ACTH stimUlation in 
a homogenate (133,134). 
Haynes'second paper convincingly demonstrated that ACTH 
increases the adrenal content of c,yclic AMP and that this inorease 
is associated with stimulation of adrenal phosphorylase activity (139). 
It was not possible to demonstrate this increased production of 
cyo1ic AMP in a homogenate. Haynes showed that the response of the 
cortex was specific to the extent that .A.CTH had no effect on liver 
phosphorylase, while epinephrine and glucagon had no effect upon 
adrenal phos,phory1ase. 
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/' In 1959, Haynes, Koritz, and peron proceeded to study the influence 
of added cyclio AMP upon adrenal slices (140). The authors made the 
following observationst 
(1) Cyolic AMP stim.ulated the production of corticosteroids. 
(2) Cyclic AMP can stimulate the cortex 'When this has been 
maximally stimulated by ICTH. 
(3) 10 micromoles of ~clic AMP cause greater stimulation than 
the maximal response to ACT.H. 
(4) The response to eycl! c AMP is specific in that a number 
of re lated nucleotides proved to be wi thout effect. 
(5) CYclic AMPfailed to stimulate an adrenal homogenate which 
was capable of producing oorticosterone. 
The authors claim that these results place "cyclic AMP as an 
intermediate in the chain of e~nts leading to corticosteroid 
product ion". 
These papers taken as a whole establish a response to AcrH 
which takes the form of enhanced phospho~lase activity and strongly 
suggest that this response is mediated Py increased production of 
cyclic AMP which, in the case of the liver, is known to influ.ence the 




Pm sphorvlase B 
[active] 
in favor of phosphorylase B. Furthermore, with a generous add it ion 
of reduced TPN, an adrenal homogenate produces more oorticosteroids 
in 30 minutes than a control homogenate.. We are asked to consider 
the extrapolation that ACTH promotes steroid synthesis b,y increasing 
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the activity of adrenal phospho~lase which leads to enhanced glyco-
genolysis and disposal of the resulting 9lucose-6-P04 by way of 
the pentose phosphate pathway in amounts sufficient to produce 
greater quantities of TPNH than are found in the unstimulated gland. 
Before this theo~ can be accepted, four major difficulties need 
to be resolved: 
(1) Can it he shown that in the adrenal cortex, stimulation of 
phosphor,ylase activity increases the proportion of endogenous TPI 
in the reduced form? 
(2) can it be shown that in the adrenal cortex the availability 
of reduced !PN is a limiting factor in steroid synthesis? 
(3) Why does qyclic AMP not act in a homogenate? 
(4) O:.In reduced TPN cause a prolonged stimulation of cortico-
steroid production or is its activity confined to acute bursts of 
stimUlation lrIhich consll.trl8 a waiting SUpply of available precursors?'! 
Solution to these problems may come from the Wleqnivocal 
demonstration that glycogenolysis necessarily produces increased 
disposar of glu.cose-6-F04 by way of the pentose phosphate pathway or 
by proof that ACTH causes a shift in the ratio of oxidized to reduoed 
TPN in the endogenous pyridine nucleotide of the cortex, as distinct 
from TPNH added to incubation media as a source of stimulation. The 
solution to the first problem has so far proved elusive and the 
ingenious methods employing isotopically labeled carhohydrates (224-
229) require assumptions lt1ich have yet to b~ justified. On the other 
hand, the solution of the seoond problem mey ~ll hinge upon the 
development of methods which will allow estimation of both oxidized 
and reduced forms of both pyridine nucleotides in such concentrations 
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as are found within adrenal ce1150 In this connection the findings 
of Glock and Mclean are not encouraging (217). Table VI shows the data 
obtained by applying a method ~ich they devised~ 
Table VI 
Levels of Oxidized and Reduced Coenzymes in Animal Tissues 
(after Glock and NCLean (217» 
Coenzyme Content (~g/g tissue) 
Tissue DPN+ rFNR DPnt +DPNH TPH· TPNH TPri" +TPNH 
-
Rat adrenal (5)t 315+136 
- -
. 154!45 469!,134 17!9 116!24 133!24 
Rabbit adrenal (1) 295 117 412 (2 62 62 
Rabbit adrenal 
cortex (1) 356 133 489 14 68 82 
Rabbi t ovary (l) 181 34 215 .(2 42 42 
Rat testis (1) 80 71 151 <2 6 6 
t Figures in parentheses represent the number of animals. 
In the case of the adrenal most of the TPN appears to be reduced 
and if these animals can be regarded as unstimulated, the measurement 
of increase in the reduced fo~ may prove extremely difficult. 
However, Holzer has indi cated that tl'E more recent methods show 
that the ratio DPNH/DPN in several tissues is of the order of 1:1000 
(248) whereas previous workers (249) had obtained values 1:2 to 1:5 
by us Ing methods such as that of Glock and McLean in. whi ch ce 11s 
are destra,yed b,y aCid, alkali or heat. It may, therefore, be wise 
to aSSUMe that the state of intracellular TPm is not known at present. 
Haynes' findings may possibly be interpreted in a different 
way. Marks and Banks have show that a number of stere ids are 
capable of inhibiting glucose-6-P04 dehydrogenase (141)0 This inhibi-
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tion is seen with low concentrations of steroid (10-6M) and 
inhibitIon, of spinach or yeast glucose-6-F04 dehydrogenase is not 
produced by these steroids even at higher' concentrations. Dehydro-
epiandrosterone and pregnenolone were particularly potent inhibi-
tors, while steroid hormones suCh as cortisol, estradiol and testo-
sterone were less effectiveo It may be suggested that this effect 
could be relevant to the rate of production of TPNHo If the syn-
thetic pathway to steroid hormones is conSidered, some precursor 
could inhibit glucose-6-P04 denydrogenase thus: 
a-.... - .... ) c ----J steroid hormone 
dehydrogenase} 
6-Phosphog1uconate 
ntose Phosphate Pathway 
b is regarded as inhibiting glucose-6-P04 dehydrogenase and 
hence checking the rate of production of reduced TPN. Stimulation by 
ACTH could lower existing levels of b and hence decrease this inhib-
itory effect. In this wy coupling 'WOuld be achieved between ACTH 
stimulation and the production of an essential cofactor (TPNH). The 
consequent depletion of 91~cose-6-ro4 may stlmu1ate glycogenolysis; 
this response may involve cyclic AMP in some manner other than by a 
direct effect of ACTH upon the production of this nucleotide. 
In this connection, a recent publication hw Rose provides 
evidence that a rate-limiting step in glucose oxidation by human red 
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cells and ascites tumor cells exists beyond glucose-6-phosphate 
dehydrogenase and may involve 6-phosphog1nconate dehydrogenase 
(254)1) If this is true of aderna1 tissue, the mechanism postulated 
above may apply to 6-phosphog1uconate dehydrogenase rather than to 
glucose-6-phosphate dehydrogenase. 
The hypothesis that ACTH acts by stimulating the production of 
qyc1ic AMP and hence by promoting phosphorylase activity, is 
especially attractive in view of the well known action of glucagon 
and epinephrine, Which exert the same effect upon the production 
of qyc1ic AMP in the liver, while epinephrine does this also in 
muscle (142-146). An attempt has been made to apply this hypo-
thesis to the effect of ICSH upon the ovary. Marsh end colleagues 
showed that the rate of incorporatIon of acetate into progesterone 
by slices of bee! corpus luteum is stimulated 3 to 12 fold by addition 
of TPN (with or without a TPN-reducing system) but not by DPN (147). 
These findings point to a stimulating effect due to an increase in 
total concentration of triphosphOpyridine nucleotide, regardless 
of its state of oxidation and do not suggest a specific reqUirement 
for red~ction such as that which Operates by way of c,yc1ic AMP. This 
response in ovarian slices may be nonspecific and may be related to 
changes in permeabi1i~ of the large, active cells of luteal tissue. 
Protein Synthesis. Since ACTH causes an increase in the weight 
of the adrenal cortex, accompanied by histological changes suggestive 
of protein synthesis, Koritz ~!l. tested the hypothesis that cortico-
trophin stimulates en~me synthesis (148). They studied the rate of 
incorporation of glycine-1-C14 and phenyla1anine-C14 into protein b.y 
stImulated and unstimulated adrenal slices. The au.thors showed that 
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slices stimulated by corticotrophin showed increased steroid pro-
duction without demonstrable change in the rate of incorporation 
of these amino acids into material precipitated by trichloracetic 
acid. These results do not exclude protein synthesis as a possible 
response to ACTH, since a small but significant stimulation of amino 
acid incorporation into one specific protein might be overlooked by 
such a method. More detailed studies of microsomal protein may 
prove more sensitive than whole cell material. Furthermore, it 
is difficult to select two amino acids which may best reflect small 
changes. Glycine undergoes a complex metabolic disposal, including 
nucleotide synthesis and complete removal of nuc1eotides from a tri-
chloracetic acid precipitate may be difficult. It may also happen 
that the protein of which the synthesis is being studied may be low 
in phenylalanine. 
Ascorbic Acid Depletion. The stimulating influence of ACTH upon 
the cortex is associated with the phenomenon of ascorbic acid deple-
tion (136,149-154), which remains one of the intriguing ~steries 
of adrenal pqysio1ogy. The fact that such depletion is quantita-
tively related to the dose of ACTH suggests that this change in 
ascorbic acid content might be intimately related to the mechanism 
of action of ACTH. Experiments!!l ill!.2. by Slusher and Roberts 
showed that ascorbic acid depletion was almost complete within 15 
minutes of exposure to ACTH, whereas increased corticosteroid pro-
duction was scarcely evident at that time (149). Among the explan-
ations offered to account for the phenomenon of ascorbic acid deple-
tion are the following: 
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(1) Schmidt and colleagues proposed that ascorbic acid may 
playa role in the biosynthesis of corticosteroids (150). 
(2) Hechter!l!!.. (151) suggested that ascorbic acid may be 
responsible for maintaining cofactors used in steroid biosynthesis 
in an appropriate state of reduction (151). 
(3) Loewenstein and Zwemer isolated a steroid from adrenal 
tissue, w.hich appeared to be bound through C20 to asoorbic acid 
(152). They postulated the following structure: 
and suggested thatincreased cortioosteroid production involved re-
lease of steroids from the gland in such a bound form. So far, this 
finding does not appear to have been repeated. 
(4) Ascorbic acid may not be related to the biosynthesis of 
c~ticosteroids and depletion may be an expression of increased 
permeability of adrenal oel1s, which is one suggested mechanism 
for the action of ACTH (157). 
(5) It remains possible that ACTH causes the release of Bscor-
bic acid from the oortex into the blood stream and that ascorbic 
acid acts at some extra adrenal site. So far this possibility 
appears to have escaped formal statement. 
(6) Hayano and colleagues have expressed the belief that 
ascorbic acid may act as a brake on steroid synthesis, the release 
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of whi ch is accompanied by increased production of corticosteroids 
(153). 
Slusher and Roberts realized the need for examining the fate 
of ascorbic acid soon after administration of ACTH and in this way 
succeeded in showing that loss of adrenal ascorbic acid was accounted 
for b,y the rise in asoorbic acid content of the venous effluent (149). 
This finding excludes the first possibli ty considered above and makes 
the second improbable since, if ascorbic acid were to discharge 
a protective function upon nBcessary cofactors, it 'WOuld be expected 
to persist in the gland and to suffer a reversible oxidation, acting 
to maintain a reductive environment in which rPN, for example, is 
reduced as fast as it is oxidized during steroid synthesis. It may 
be helpful to emphasize this important finding of Slusher and Roberts 
b.Y speaking of ascorbic acid discharge rather then depletion. 
The findings that scurvy is associated with an initial rise in 
the adrenal content of cholesterol (250) and in the plasma l7-hydroxy-
corticosteroid concentration (155) suggest that a direct and intimate 
relationship between the level of adrenal ascorbic acid and steroid 
~nthesis is lacking. The changes in adrenal cholesterol reported 
by Oesterling and Long were found in scorbutic guinea pigs in wh ich 
the adrenal ascorbic acid was reduced fram 164.7!7.0 to 6.02!2.0 (250). 
Against the third view has been leveled the finding of Vogt 
that corticosteroids are not released from the adrenal bound to 
ascorbic acid (154) 0 Moreover, Slusher and Roberts found that loss 
of ascorbic acid precedes release of steroids. However, these 
arguments do not exclude the possibility that steroids are stored 
in bound form and the first step in their mobilization oonsists of 
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release of bound ascorbic acid not only from the steroids but 
from the gland. Nevertheless, the fact that the findings of 
Lowenstein and Zwemer have not been repeated makes this poss i",· 
bility largely conjectural. 
The incidental release of ascorbic acid following increased 
cell permeability prodllced by ACTH is based upon a naive concept 
of membrane transport, It is not likely that changes in cell permea-
bility represent a non-specific opening of "flood-gates 1t whi ch allows 
the release of cell contents at random. It is now believed that 
transport of substances across cell membranes is a deliberate 
and specific process and if ACTH were to affect this process, it would 
seem. logical to expect the hormone to act by encouraging the accum-
alation of factors needed for steroid synthesis within the cell. 
The view that ascorbic acid inhibits corticosteroid production 
is based upon studies of the specific activities of cho1esterol-4-
C14 and those of steroids produced from this sUbstrate by mitoChondria, 
in the presence and absence of ascorbic acid (153). Hayano ~ !l. 
showed that ascorbic acid inhibited the conversion of cho1esterol-4-
~4 to progesterone and they could explain their findings by assuming 
that the vitam.in caused the exclusion of some 40 per cent of the 
mitochondrial cholesterol from the enzymatic pathway to cortico- . 
steroids (153). In martf ways this hypothesis offers the most 
set!sfactor,y solution to the problem, although more detailed 
studies of time and concentratIon of ascorbi c acid are needed. Cor-
ticotrophin would then act by removing this inhibitory effect of 
ascorb! c acid. The observations of L1aurado and Eik-Nes would suggest 
that ICSH does not act by the same mechanism (131). 
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The suggestion that ascorbic acid is released fram the cortex 
to discharge some extraadrenal role remains purely Qypothetical. 
Harding, Rutherford am Nelson have recently shown that ACTH 
causes the appearance of oxidized ascorbic acid in too adrenal 
vein of the rat (156). Their findings indicate that soon after the 
administration of ACTa adrenal ascorbic scid is oxidized and dis-
eharged into the adrenal vein. These observations suggest that the 
vitamin is used in the capacity of a reducing agent and is then 
released. Whether ascorbic acid is concerned with the reduction 
of TPN or with the maintenance of reduced SH groups in the enz.ymes 
concerned with protein syntheSiS, is not likely to be revealed 
until a clearer understanding is available of the role of ascorbic 
acid in the oxidation-reduction s.Ystems of tissues. It may also 
turn out that ascorbic acid acts within a particular subcellular 
compartment. 
The depletion of ascorbic acid observed in the ovaroy following 
the administration of ICSH is a much slower change (128) and so far 
the fate of this ascorbic acid has not been explored. 
cell Fermeabi1ity. Since evidence has been produced to show 
t.hat inSUlin promotes cell permeability to gll1cose, Eichhorn and 
coworkers tested the influence of ACTH upon the permeability of 
adrenal cells to sugars (157). They showed that hypop~sectomy was 
followed by a decrease in the distribution of D-~lose in the intra-
cellular water of the adrenal glands and that ACTH caused an increase 
in the entry of this substance, specifically into adrenal cells; the 
resulting levels approached those seen in intact animals sUbjected 
to stress. 
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Subsequent studies in the same laborato~ showed that the 
behavior of adrenal tissue ia vitro was quite different (158). 
Bisected rat adrenals allow rapid penetration of D-xylose and 
equilibration with approximately 70 per cent of the cell water; 
ACTH does not influence this behavior under conditions in Which 
it stimulates corticosteroid production. These findings seem to 
suggest that the stimulating influence of ACTH on steroid bio-
synthesis does not depend upon the regulation of cell permeability 
to sugar. However, the transport of sugars in the case of the 
adrenal may involve a different specificity from that seen in the 
case of insulin. The failure of ACTH to influence penetration of 
O-xy1ose ia vitro is presumably due to the free penetration seen 
in the unstimulated tissue, \!hi ch in turn may reflect tissue damage 
1n the preparation of slices, as the authors suggest (158). Another 
possibility is that the exclusion of D-:xy10se seen !!l ~ represents 
a vascular phenomenon which is altered following hypophysectomy 
by same non-specific mechanism. 
II" THE BIOSYNTHESIS OF STEROID HORMONES 
A. Biosynthetic Pathways. 
Studies in vitro indicate that all steroid-forming tissues 
can convert acetate to steroid hormones and the two carbon atom 
fragment is generally regarded as tee fundamental synthetic unit 
of steroid hormones '(124,159-162). Activation of acet~te to 
acetyl Co! and its condensation with acetoacetyl CeA produces ~-
lw'dro:xy-~-methy1g1utary1 CoA and this, in turn, is reduced to 
mevalonic acid. The pyrophosphate of mevalonic acid yields two 
isomeric five carbon atom pyrophosphates which condense to produce 
the triterpene squalene (163-165) (Fig. 1). 
Tehen and Bloch used hog liver homogenate to st udy the fate 
of squalene since this system converted squalene to lanosterol ani 
not to cholesterol (166,167). The authors found that when th is 
conversion was performed in tm presence of D20, no deuterium was 
found in the lanosterol, \h lch suggested that partly cyc1ized 
substances were not formed as intermediates. Moreover, tl'e cyc1i-
zation of squalene required molecular oxygen and did not incor-
18 18. . porate 0 from H20 (167). It 1S now clear that hydro~lation of 
squalene at the carbon atom which is to become C3 of cholesterol, 
promotes a series of electron shifts associated with the opening 
of doUble bonds and ring fusion (167,169). These changes are aCCOM-
panled by two 1,2-methy1 shifts to give lanosterol, according to 
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the scheme proposed ~ Woodward and Bloch in 1953 (168,169). In 
spite of the loW' specific acti vity of squalene in experiments in 
which cholesterol is synthesized fran labeled acetate, the present 
evidence is entirely in keeping with squalene as a major, if not an 
obligator,y, precursor of cholesterol, since on~ a fraction of the 
squalene in sterol-forming organs is involved in sterol synthesis 
and a large inert pool of squalene acccnnts for the low specific 
activity of this compound in sllch experiments (170). 
The converSion of lanosterol to cholesterol involves 
(1) demethylati~ 
(2) oxidation and subsequent reduction of the hydroxyl group 
at C3, 
(3) rearrangement of double bonds, 
(4) reduction of the A 24 double bond in the side-chain of 
desmosterol (Fig. 2). 
The exact seqlEnce of these steps ani the nature of all the 
intermediate compounds formed is not yet certain. 
It has net so far been possible to establish the proposal that 
cholesterol is an Obligator,y precursor of steroids (181). Neverthe-
less, within an error of 8 per cent, all of the C21 of cortisol 
comes from C2 of acetate and all of the C20 from Cl of acetate 
(182,183). Furthermore, 10 carbon atoms of androstenedione and 
9 of estrone come from C2 of acetate. These findings are compatible 
with the folding of squalene to form cholesterol or some sUbseance 
closely resembling cholesterol in structure. Finally, cholesterol 
has been show to serve as a pre cursor for all the known steroid 
hormones (184,185). Evidence against cholesterol as an obligator,y 
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precursor of steroids depends upon measurements' of the specific 
activity of cholesterol relative to that of some steroid compound 
concomitantly isolated from a biolog.1oal system '(124,,186,187). It 
is now apparent that the intracellular distribution of cholesterol 
is such that, as in the case of squalene, only a fraction of that 
present in a steroid-forming cell is actually engaged in steroid 
biosynthes is. The existence of such "compartments" of unava i lable 
cholesterol is responsible for the low specific activity of this 
compound in experiments in Which the production of steroids from 
radioactive substrates is studied. Whereas the low specific acti-
vity of cholesterol compared with that of a simultaneously syn-
'thasized steroid appeared damaging to the acceptance of cholesterol 
as an obligatory intermediate in steroid synthesis, it is now clear 
that present data cannot exclude thi s possibility. In whet follows 
it will be assumed that cholesterol is a precursor of all steroid 
hormones and the question of whether or not alternative pathways 
exist will be left open. 
Cholesterol is subjected to side-chain cleavage with the 
formation of pregnenolone and isocaproic acid (188,189,253). All 
steroid-forming organs have been shown to be capable of converting 
pregnenolone to progesterone (190) .In the testis progesterone is 
converted to androstenedione and testosterone (191). Progesterone 
loses its side-chain following l7-a-hydro~lation and l7-a-hydro~-
progesterone was established as an intermediate by Slaunwhite and 
Samuels who showed that testicular homogenate could convert progester-
one-4-C14 to androstenedione and testosterone, hut that as long as 
progesterone-4~14 remained, 17-a-hydroxyprogesterone was always obtained 
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On the otherhand, 17-o<:-hydroxyprogesterone could give rIse to the 
two androgens without detect;.ble ;amounts of progesterone appearing. 
Alternative Pathways~ 
(1) Forchiel1 i snd coworkers showed that ovarian t issue is 
capable of convert Ing progesterone-7t<. _H3 end 17D<.. -hydroxyprogesterone-
4 ' 4~14 to testosterone Qnd ~ -androstene-3,17-dione ia vItro (192). 
Moreover, the ratio of H3 to C14 incorporated into these androgens 
was higher in the case of testosterone than androstenedioae. This suggeste 
a pa~hway to testosterone which does not include 17 "",--hydrO:"Y-progester-
one or andostenedione as ob1igator,y intermediates. This'hypothesis was 
confirmed by incubating testis homogenate with progesterone-17~-H3 as 
substrate. The resulting labeled testosterone was identified by its 
chromatographic behavior and constant specific act ivity in the presence 
of added carrier, by the behavior of the acetate and that of the hydrolyze 
acetate. Moreover, alkali caused progesterone-17~-H3 to lose all its 
radioactivity while such treatment was without effect on the testosterone-
17'" _H3. These facts provide striking evidence for a pathway from. 
progesterone to testosterone which does not involve 17 ..c.. -hydroxypro-
gesterone or androstenedione. The details of this pathway remain to 
be established., 
(2) Kahnt BAd colleagues have produced evidence for a pathway 
from pregnenolone to DH!A as follows: (193,194) 
A'-pregnenolone _.-....> 17 -hydroxy-~5_pregnenolone _~),mEA. 
The relative importance of this pathway and its possible role 
in the biosynthesis of testosterone remain to be determined. 
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B. Energy 'Requirements of Steroid Synthesis 
The bi osyntheti c pathways thus briefly outlined are necessarily 
linked with reactions capable of fulfilling the large demands for 
energy which steroid biosynthesis involves. The se reql.1irements can 
be reduced to two fundamental sources of energy, namely, reduced 
TPN and ATP. 
1. Redu.ced TPN. Reduced TPN is reqllired for the following 
steps in the bioS,Ynthesis of testosterone. 
(1) Two moles are required for the reduction of P-hydroxy-
~-metQy1g1utar,y1 CoA to mevalonic acid (twelve moles per mole of 
steroid) (195). 
(2) One mole is required in the head to <head fusion of 
two moles of farnesyl pyrophosphate to give squalene (196). 
(3) One mole is re.quired for the hydroxylation which 
initiates the folding of squalene (167,169). 
(4) The splitting of the side-chain of cholesterol is a 
complex multistep process Which requires at least one mole of 
reduced TPN (181,197,253). 
(5) One mole is required for each of the three steps 
fran progesterone to testosterone, i.e.t 
(a) 17 hydroxylation (198) 
(b) side-chain splitting (199) 
(e) 17~-hydroxysteroid dehydrogenation (200,201) 
2. ATP. (1) Two moles of ATP are required to convert meva10ni c 
acid in two steps to mevalonic pyrophosphate (171,176). 
(2) One mole of ATP is required to convert mevalonic pyro-
phosphate to isopenteny1 pyrophosphate (175,176) and 6 moles of the 
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letter are required for the production of one mole of steroid. 
3. Miscellaneous. (1) The removal of three methyl groups 
from lanosterol involves oxidation Gnd the mechanism is so far not 
certain, but may involve 8 hydroxy-m~thylene intermediate since 
Pu.dles and Bloch have prepared such a compound (2-1, 4-c14-4-hydroxy-
metqylene-~7-cholesten-3-one) and have demonstrated its conversion 
to tritium-containing cholesterol and Cl402 (202). The above compoUnd 
exists in tentomeric equilibrium: 
The reaction requires molecular ~gen and one mole of TPNH. 
(2) It is generally held that the folding of squalene 
proceeds without special energy requirements beyond those of 
~droxylation (252). 
(3) The oxidation and reduction of the 3 hydroxy-l group 
presumably returns the energy it consumes, while the reduction of 
the side-chain of desmosterol no doubt requires the energy 
equivalent of one' mole of' 'reduced TPN. 
(4) The energy requirements of the double bond rearrangements 
between la1osterol and oholesterol are uncertain. Efforts to demcn-
strate a mechanism vie a hydroxyl intermediate Which undergoes de-
hyi ration, allowing rearrangement of tm d ble bond, have so far 
fa lIed and it is not possible to say wtether such a rearrangement 
can proceed without net consumption of energy (203). 
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(5) One mole of reduced DPN. is required (or preferred) for 
the 3~-qydroxysterold dehydrogenase which converts pregnenolone to 
proge ste rone (204, 205) • 
(6) Coenzyme A is used in the activation of acetate and 
acetoacetate and these reactions each require a mole of ATP. 
It \dll therefore be seen that the prodnction of one mole of 
testosterone from acetate requires at least 
(1) 19 moles of reduced rPN 
(2) 1 mole of reduced DPN 
(3) 30 moles of ATP 
in addition to the unknown reqt1irements mentioned above. From this, 
it fOllows that whatever else stimUlation of the production of 
testosterone may require, available TPN in the reduced form will 
be one important factor. 
are: 
c. Sources of Enersy for Steroid SyntheSis. 
1. Sources of reduced TPN - The important sonress of TPNEi 
(1) Pentose phosphate shunt (206-210) 
(2) Transhydrogenatian of DPNH (211-215) 
(3) Isocitric dehydrogenase in the Krebs cycle. 
2. Fatesof TPNH - The important fates of reduced TpN 
include: (206,207) 
(1) Fatty acid s,ynth!sis (234-236) 
(2) Steroid synthesiS 
(3) Amino acid synthesis (e.g., fer the reductive 
amination of a-ketoglutarate to glutamate) 
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(4) Regeneration of the four carbon atom acids of 
the Kreb s cycle, i.e., the reduct ive carboxylat i on of pyruvate to 
malate by t1::e malic enzyme. 
(5) Oxidation by a special respiratory chain. 
It would therefore be logical to inquire whether steroid 
synthesis is specifically linked with the proqesses whi ch produce 
reduced TPN or whetl:er it enters into open competition with other 
routes of disposal of the redu.ced pyridine nucleotide. At present 
no fina 1 answer can be given to thi s que stion, but it 'WOuld seem that 
TPNH could be provided in six possible ways: 
(1) Specific stimulation of the pentose phosphate pathway, 
vhi ah provi des two moles of 'bile reduced TPN for every mole of 
glu.cose-6-F04 which enters the pathway (206-210). 
(2) Inhibition of competitive processes which also use TPNH 
e.g., fatty acid or amino acid synthesis (206-210,234-236). 
(3) stimUlation of trans~drogenation (211-215). 
(4) Synthesis de novo of TPN. 
--
(5) Transphosphorylation of DFN to TPN (216). 
(6) Geometrical arrangemeneof sUbcellular compartments within 
which steroid synthesis can proceed in an environment free from 
competitive processes also requiring TPNH (206,207,217,218). 
In general, it seems likely that s-rnthesis ~ a2!2 would not 
meet the immediate demands far reduced TPN and in any case the 
reduction of newly s,ynthesized pyridine nucleotide will still be 
required. At present there are insufficient data to establish the 
existence of a s,ystem ot compartments within the cell set aside for 
steroid synthesis. Among the remaining four alternatives there is 
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little positive evidence on w.hich to decide. The concept of specific 
stimulation of the pentose phosphate pathway has received most atten-
tion. There is evidence for enhanced phosphorylase activity during 
stimulation of steroid synthesis (137-140) and the resulting increase in 
glycogeml/sis is believed to promote increased disposal of gluc05e-
6-FU4 by way of the pentose phosphate pathway (219-229). It is too 
early to ;comment on transhydrogenation and transphosphorylation 
in relation to the needs of steroid synthesis. 
At present a number of serious difficulties remain to be 
solved before it is possible to see these problems in perspective. 
In addition to the problem of the relative disposal of 9lucose-
6-ro4 by way of the pentose phosphate pathway compared with glycolysis" 
there remains the uncet;ttainty about the state of oxidation of pyri-
dine nucleotides within living cells and the difficulty of concluding 
that the behavior of added pyridine nucleotide adequately reflects 
the state of endogenous TPN and DPN. These problem.s are related to 
the consideration of intracellular compartments. Present evidence 
suggests that TPN within cells is largely present in reduced form 
and occupies the role of directing reductive synthetio activity" 
while DPN is chiefly present in oxidized fom and plays an important 
part .1n metabolic oxidations (206,207). It is further believed the t 
oxidati on of DPNH is very much more act ive than that of TPNH and 
that this state of differenti a1 oxidat ion, so important to the smooth 
function of the two prinCipal activities of living cells, namely the 
production of energy on the one hand and synthetic activity on the 
other hand, is ~intained by a S,Ystem of geometrical isolation within 
the cell whi ch allows the simultaneolls existence of "reducedH areas 
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and of troxidizedtt , areas (206,207,217,218). However, the evidence for 
thi s hypothesis is indirect and the extent, the boundaries and the 
contents of such intracellular compart~nts are quite unknown~ 
It, therei'ore, remains to be shown how the large requirements for 
TPNH during steroid syntheSiS are met hysteroid-forming cells and 
whether the mechanism(s) involved is (are) controlled by a coupled 
or feedback system automatically adjusting production to current 
needs or whether a specific stimulat lng influence, such as a trophic 
hormone, is needed to provi de the requi red TPNH for the increased 
steroid producti on in response to phy'si ologiesl stimulation. 
3. Sources of ATP - Less attention has been given to the 
provision of ATP which no doubt comes from oxidative phospho~la­
tion and it has been suggested that in this process the availability 
of ADP may be a limiting factor, with the result that the rate of 
utilization of ATP will govern the rate of oxidative phospho~letion 
by providing the ADP and inorganic phosphete resulting from its 
utilization (251). 
D. The Rate of Steroid Synthesis. 
Although the regulation of the rate of steroid s,ynthesls is 
inoompletely understood, there is evidenoe that the rate of bioeyn-
thesis of oholesterol Is governed b,y the rate of one slow step 
which is rate-limiting. Buoher et a1. showed that numerous factors 
--
which alter the rate of sterol synthesis (e.g_, fasting, cholesterol 
feeding, triton and X-irradiation), exert their influence opon a 
reaotion catalyzed by a microsomal ~nzyme which precedes the 
synthesis of mevalonic acid (230). Their data clearly establish that this 
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rate-limiting step is that between ~-hydro~-~-mathylglutaryl CoA and 
/ 
mevalonic acid. The work of Gould and Popjak (231) and that of Scarfe 
and Migicovsky (232) confirms the findings of Bucher !t~. (230) 
and it appears that dietary cholesterol regulates the rate of sterol 
biosynthesis by suppressing the same reaction; this suggests that 
the regulation of sterol synthesis may be controlled ~ a feedback 
mechanism. 
During the conversion of cholesterol to steroid hormones it is 
likely, from the work of Hechter and colleagues (132) (see page 33), 
that a rate-limiting step occurs whl ch is se·nsitive to the influence 
of ACTH in the case of the adrenal cortex; the reaction involved 
is the conversion of cholesterol to pregnenolone. '. 
Since it is probable that the cholesterol within a cell is 
compartmentalized so that only '8 portion of the whole is inVOlved in 
steroid synthesis, it cannot be said with certainty that factors 
which apply to the rate of synthesis of cholesterol in general, 
necessarily apply {or apply with eqUal force} to the fraction which 
is engaged in steroid S,Ynthesis. 
III. THE BIOSYNTHESIS OF FATTY keIDS 
In that the biosynthesis of fatty acids shares with that of 
steroid hormones th!! need for" reduced 1PN, it is necessary to consider 
the possibility that these two activities may compete for the avail-
able sUpply of reduced pyridine nucleotide. 
At'present the detailed mechanism of fatty acid biosynthesis is 
not understood. Vage1os, and coworkers have iso1ated'a be cterla1 
enzyme capable of synthesizing palmitic acid in the presence of 
malonyl CoA, acetyl CoA, TPNH and oarbon dioxide (234). Following 
an initial condensation reaction involving these substances, the 
fatty acid molecule is built up by recurring additions of a carbon 
atom fragment to the product of condensation. Present interest 
centers around the nature of the product of condensation (234-236, 
244,245). Vage10s and Alberts favor· a concerted condensati on and 
decarboxylation reaction between malonyl CoA and a.oety1 CoA (234); 
this reaction is catalyzed by an enzyme which these workers have" 
purified. The p a;;tu1ated condensati on product is a ~-keto-acy1 
eoA derivative and the authors believe that the one-step reaction 
is more likely to overcome the unfavorable energy levels involved 
in alternative two-step meChanisms (234). The same group has puri-
fied a long chain fatty acid synthesizing enzyme (244) and have 
studied the synthesis of branched chain and odd-numbered fatty 
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acids (245); their findings indicate that the s,ynthesis of one mole 
of palmitate in their system, requi~s approximately 14.7 moles of 
TPNH (224). 
The epididymal fat pad has been used extensively for the stuay 
of fatty acid synthesis (244,245) and several workers have been 
able to demonstrate a striking release of non-esterified fatty 
acids fran the cells of this tissu.e under the influence of AC'lii 
(237-243). Unfortunately the role of ACTH in the control of fatty 
acid synthesis is ~uch less clearly defined. The h~mone exerts a 
ketogenic and adipokinetic action in adrenalectomized rats and mice 
(237-239). Engel and colleagues have shown that these effects result 
fram a property inherent in the ACTa molecule and are not due to 
the influence of contaminants (239). 
Th.e Problem - The 1iteret ure reviewed in this chapter would 
seem to show that the time is ready for a study of t~ mechanism 
of action of gonadotrophic hormones. E.ffects of these hormones in 
-
vitro have been described, the hormones are available in a relatively 
pure state, the biosynthetic pathway of steroid hormones is now well 
established and important contributions have e1reaay been made to 
the mechanism of action of corticotrophin, ~ich shares with ICSH 
the capacity to stimulate the production of steroid hormones. The 
conoept of a mechanism common to both ICSH and ACTH by which the 
stimUlation of steroid synthesiS is effected, is esthetically appeal~ 
ing but without experimental foondation. Although the interpretation 
of present findings concerning the mechanism of action of cortico-
trophin may be open to debate, these findings are reproducible and 
significant. One approach to the search for the mechanism of action 
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of ICSH would be guided b,y analogy with studies of ACTH; it would 
be important to establish differences or similarities. 
The mechanism b,y which any physiological process takes place 
is obviously important, not only because of its intrinsic academ.ic 
interest, but because it may point the way to a general principle -
to a mechanism used by similar SystMlS. Moreover, the understanding 
of mechanism is tM urrlerstanding of control and cQntrol or loss of 
control lies at the heart of many biological mysteries, both 
physiological and morbid. 
Since Braqy has demonstrated an effect !a vitro of chorionic 
gonadotrophin upon steroid ~nthesis, it would now be logical to 
see whether ICSH, which shares with chorionic gonadotrophin its most 
strIking physiological effect, namely, Leydig cell stimulation, is 
also capable of showing the same action !!! vitro. If th is turns out 
to be the case, it may prove possible to measure, albeit crudely, 
the response of Leydig cells to ICSH and to use suchmeasure:ments 
as a gross index of the influence of factors which alter the ia 
~ production of steroids by the adrenal cortex. 
The problem then, is to approach experimentally the mechanism 
of action of ICSH and since the response to this hormone is chemicel, 
the experiments will need to be conceived at a molecular level. Al-
though present methods may allow no more than a preliminary explora-
tion of this complex project, it may b~ hoped that such an exploration 
wi 11 prove of some val ue • 
The sncceeding chapters deal w~th experiments with the following 
general goals: 
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(1) To find a reproducible and measurable response to ICSH 
.iB. V'i tro • 
(2) To stuqy possible synergism between the two gonadotrophins 
ICSH and FSH. 
(3) To use such findings to t.est the effect of factors whi ch 
might be relevant to th£ mechanism of action of ICSH. 
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CHAPTER II 
MATERIAL AND METHOrs 
1. Experimental Animals 
A.. Rabbits 
B. Dogs 
A. Rabbits - Since the anImal in which Brady reported stimula-
tion of testicular slices by ROO was the rabbit(21), it 'WaS decided to 
use adult male rabbits between one and three years of age in the pre-
sent studies. The rabbit was also suitable because, apart from its 
size and general ease of handling, the principal testicular andro-
gen of this species is testosterone and testosterone Is conveniently 
identified by acetylation and oxidation. 
The rabbits used were of the white New Zealand strain but an 
absolutely homogeneous straIn was not available. The animals were 
'-isolated from females for at least two weeks before the experiments 
and were kept In individual cages. The rabbits weighed between 3.5 
and 4.5 kg at the time of sacrifice. 
Pretreatment. Hormones were administered either subcutaneously 
through an 18 gauge needle or intravenously through a 22 gauge needle. 
Hl.UI19n chorionic gonadotrophin, follicle-stimulating hormone and 
interstitial cell-stimulating hormone were dissolved in demineralized 
water shortly before administration. Testosterone was administered 
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as an oily solution of the propionate. When HOG was used to produce 
prolonged stimulation of Leydig cells, it was given subcutaneously 
on alternate days for three 'injections, the last of Which wes admin-
istered two days before the experiment, according to the method used 
by Mason in the case of dogs (1). 
B. Dogs - Adult male mongrel dogs were used. The animals were 
obtained from the city pound and were kept in the department animal 
house for several days before each experim~nt. 
2. Preparation of Tissue 
A. Testis. The testes were removed from rabbits which had 
been rendered unoons'cious by a blow on tM head, and were dropped into 
ice-cold Krebs-Ringer bicarboriate buffer. When animals were to be 
kept alive following unilateral castration, intravenous Nembutal (30 
mg per kg body weight) was administered slowly, as the anaesthetic. 
I. Slices - The testes were prepared for slicing by removing 
adherent fat, tunica albuginea, epididymis and epididymal fat pad. 
The tunica intima was peeled off and the organ cut into four pieces 
by means of scissors. The pieces were placed in ice-cold buffer 
and sliced with the Stadie-Riggssllcer (2). A new blade was used for 
each experiment and before use was soaked successively in boiling 
ethanol, ether and two saline baths. Slices were easily prepared by 
using short to and fro sawing mOVements with the blade, instead of 
one steady continuous sweeping action. The instrument yields slices 
approximately 0.5 mm in thickness (2). The slices were kept in 10e-
cold buffer and weighed on a watchglass after gentle drying with 
filter paper. The weighed slices were then placed in the incubation 
flask. 
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II. Homogenate - Testis homogenate was prepared in a 20 m1 
Ten-Broeck glass homogenizer from pieces of testis, cut from the 
~ole organ~ as in the case of slices. An appropriate volume of 
buffer was placed in the homogenizer, the pieces of testis added and 
homog'enization continued until a uniform liquid preparation was 
obtained and the surfaces of plunger and barrel -were felt to engage. 
This process was interrupted from time to time to place the homo-
genizer and its contents in crushed ice for periods of a half to one 
minute. 
When ~ole homogenate was used, the homogenized testis was made 
to a convenient volume with cold buffer. When it was desired to 
remove cell debris and nuclei,. the homogenate was centrifuged in a 
10 m1 plastic cup at OoC for 15 minutes at 650 x g. The supernatant 
layer was decanted into a cylindrical graduate and buffer added to a 
convenient volume'. 
B .. Pituitary. Dogs were anesthetized by intravenous Nembutal, 
25 mg per kg body weight and a circular flap of bone approximately 
6 em in diameter was removed from the skull by means of a bone saw. 
The cerebral hemispheres were lifted from the base of the skull to 
expose the pituitary stalk, Which was severed and the gland removed 
from the sella turcica while the animal was still alive. The pituitary 
was placed in a test tube surrounded by ice and the anterior pituita~ 
wa s separated from the posterior pituitary by means of forceps before 
the next step. 
(i) Slices. Slices of pituitary tissue were prepared by fine 
scissors and weighed on a watchgless. The canine pituitary gland proved 
unsuitable for the use of a Stadie-Riggs slicer or a razor blade. 
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(ii) Homoaenate. A measured volume of cold buffer was placed 
in a Ten-Broeck glass tissue-grinder of 10 m1 capacity and the whole 
anterior pituitary added. The tissue was readily homogenized to a 
uniform pink liquid by a few passes of the plunger. The whole homo-
genate was made to a convenient volume with buffer and used without 
centrifugation. 
c. Hypothalamus - The dog was prepared as before and the Whole 
brain removed with the pituitary attached. The brain was divided in 
the saggita1 plane by cutting the corpus co11osum, and a block of 
tissue including the Whole hypothalamus, removed from each half. One 
block was prepared for microscopic study to identify the structures 
dissected in the other half. The latter was dissected with a sharp, 
thin brain knife and the required nuclei removed and p1a ced in a 
test tube surrounded by ice. 
Slices of hypothalamic tissue were prepared by means of fine 
scissors; this method provided more W1iform slices than the instrument 
described by Magno and Bunker (3). Slices were we ighed on a wat ch 
glass. In these experiments pituitary tissue was removed by Dr. K. 
Eik-Nes and hypothalamic tissue was prepared by Dr. K. R. Brizzee of 
the University of Utah. 
D. Miscellaneous. Adrenal glands were removed through a midline 
abdominal incision, the animal being anesthetized b,y intravenous 
Nembutal (30 mg per kg boqy weight). Slices of adrenal tissue were 
prepared by means of fine scissors. 
Kidneys were removed through a similar incision Wlder the same 
anesthetic and slices prepared by the Stadie-Riggs slicer. 
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3. Buffers 
Slices of testis were incubated in Krebs-Ringer bicarbonate 
buffer (4), which was prepared one hour before each experiment from 
stock solutions stored at laoe. Stock solutions were replaced every 
four weeks and the freshly diluted buffer was not kept. The newly 
prepare d buffer 'WaS briskly gassed with a mixture of 95 per cent oxygen 
and 5 per cent carbon dioxide until quite clear (approximately 10 minute 
and was kept ice-cold thereafter until the incubation began. 
Homogenates of testis ~re prepared in O.lM phosphate buffer (42), 
enriched with salts, glucose and cofactors as described ~ Bucher ~ 











The pH was adJuseted to 7.4 by addition of the appropriate 
quantity of molar K2HF.04 or KH2~ (42). 
Pituitary tissue was inoUbated in Krebs-Ringer bicarbonate buffer 
enriched with succinate 7.8 x 10-~ (5,6,7). 
4. Substrates. 
A. Radioactive Substrates - Table VII indicates the nature and 
source of the radioactive substances used. Water soluble substrates 
were added to the incubation flasks from stock solutions which were 
kept frozen between experiments. Cholesterol and steroid substrates 
were stored in vacuum redistilled methanol and were dried under nitro-
gen in 15 ml conical centrifuge tubes before use. The dry material 
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was dissolved in 0.3 ml propylene glycol; this solution was added to 
the inollhation flask by pouring the buffer from the flask onto the 
propylene glycol and washing the mixture to and fro several times 
between the two vessels and finally draining the centrifuge tube into 
the flask. 
Radioactive substrates were diluted with unlabeled material when 
necessary. The radiochemical purity of these substances was indicated 
~ chromatographic evidence provided by the manufacturers. :<' 
Table VII 
Substance Source lot No. Specific activit) 
Sodium Acetate-l-C14 New England Nuclear 65-19-4 20 mc per mMole 
Sodium Mevalonate-2~14 11 
" " 
16-19-2 2.7 mc per mMole 
Cholesterol_4-C14 tt 11 
" 
64-68B-4 2.73 me per mMolc 
Testosterone-4-C14 Tracerlab Co. 376-139A-2 3.7 mc per mMole 
~5-Pregneno1one-7-H3 
" 
ff 16-24-25 0.7 mc per mMole 
Sodium Butyrate-l-C14 II 
" 
67-23-5 1.96 me per roMol.: 
a-Aminotsobutyr,ie Acid- n ft 46-132-1-3 2.9 me per mMole 
l-C1 
, 14 Progesterone-2l-C II n 18-21-23 2.4 me per mMole 
D-~lose-l-C14 Nat. Bur. Std's. 0.7 mc per mMole 
1l.-Trypt~han-ll-c14 California Corp. 106758 7.65 mc per m.Mol~ 
(2-Cl -alanine) 
14 L-Valine -l-C ' It 
" 
108945 12 mc per mMole 
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B. Miscellaneous. Table VIII shows the remaining substances 
used as sUbstrates or test substances. 
Substance 
















Source Grade of Purity 
Ma11 inckrodt AR 
Ma111nckrodt AR 
Matheson Co., Inc. AR 
National Biochemicals Corp. AR 
IRxtrari Chemicals Inc. {sP 
Dextran Chemica 1s Inc. USP 
LRxtran Chemicals Inc. USP 
Ma11inckrodt USP 
Mann Re search JL.aboratories USP 98.5%lIir 
Eastman Organic Chemicals 
~nn Research Laboratories 
Pfizer 
American Qyanamid Company 













Baker and Adamson 
(stored in a desiccator) 
J. T. Baker Chemical Co. 
(stored in a desiccator) 
Baker and Adamson 
(stored in a desiccator) 
Medical Chemical CorporatIon 
J. T. Baker and Company 
(stored in a desiccator) 







Serum Albumin (Bovine) 
Plasma Protein 
(Human Frs etion III) 
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Source 
Prepared by Dr. S. R. 
Dickman, Uhiversity of 
Utah (Stored in a desic-
cator) 
University Laboratory of 
Phys i Cit 1 Che nil stry , 
Harvard University 
Grade of Purity 
Re crysta 11 i zed 
four times 






















Mall in ckr odt 
Ske1lysolve Company 
Ske11ysolve Company 
Eastman Organic Chemicals 
Eastman Organic Chemicals 
Ske1lyso1ve Company 
Fisher Scientific Chemi cal 
Ma 11 inckrodt 
Me 11 inckrodt 
o Redi stilled over sodi um before use 
x Vacuum redisti 11ed before use 












5. Cofactors. Table X shows the nature and source of the cofactors 
used. 
Table X 
Cofactor Source Lot No. I Pre sentat ion 
Triphosopyridine Sigma 11B-745 
Nucleotide monosodium (from yeast DPN) 








De hydr ogene se 
(Type V) 
Adenosine-3' ,51 -cyclic Sigma 
Phosphoric acid 
6. Prote in and Peptide Hormones 
41B-619-10 Powder, Assay 99% 
110B-26-1 C~~ta11ine, Assa,y 
9B-100% 
120B-683 Powder, 90K ttnits/mg 
protein 
79-651-2 Cr,ystalline, Ass~ 
9B-100% 
I. Fo1lic1e~timu1ating Hormone. Two preparations of FSH were 
used in these experiments. A. NIH-FSH-S1 kindly provided by Dr. A. E. 
Wilhe1m.i. B. A preparation made available by Dr. S. L. Steelman, here-
after called FSH(Steelman). 
A. IIH-FSH-Sl. This material wes presented in two ways - as a powder 
and as a sterile-filtered, lyophilized powder in a vial. 'nie former 
preparation, which was not sterilized, is referred to as FSH (powder form) J 
the second will be called FSH (vial form). Both were readily soluble 
in water and in Kreb's-Ringer bicarbonate buffer. 
Preparation. This substance 'WaS prepared from sheep pituitary a'ccordin~ 
to the method of £llis (B). 
- 94 -
Potency. The potency of this prepareti on was measure d by two 
methods: 
(i) Stee 1men - Poh1ey HCG a ugme ntat ion me thod (19)'. 
(ii) Ovarian wight mathoo.. 
(i) Stee 1men-Poh1ey Method (19). Immature Sprague-,Darley rats (26 
,days old) were injected three times each day for three days according 
to the scheme proposed by Steelman and Poh1ey and autopsy was performed 
on the fourth day. The augmenting dose of HCG was 20 I.U. The results 
of this assay are shown in Table XI. 
Table XI 
Assay ofNIH-FSH-S1 ~ Steelman-Poh1ey Method 
1liite 
1. March 7, 1958 
2. March 17, 1958 
3. October 9, 1958 





Assays 1 and 2 were performed on the powder form. and assay 3 on the 
vial form (i.e., on part of the powder form which was sterilized between 
the times of assays 2 and 3). 
(ii) Ovarian Weight Method. The procedure was the same as that out-
lined in (1), except that no HOG was used and FSH was injected once 
daily for 4 days into 25 day old Sprague-Dawley rats; autopsy was 
performed on the fifth day. The dose required to doUble ovarian weight 
in this test was 250 ~g~ 
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Contamination. Table XII sh~ws the results of assay for other 
protein hormones. 
Table XII 







< 0.01 USP units/mg protein 
0.44 milliunits/mg protein 
Method 




Absent from 2.5 mg doses of FSH Ten day' weight gain 
test (11) 
(a) < 0.01 nnits/mg protein 
(b) < 0.15 unlts/mg protein 
(In terms ofNIH-LH 227-80) 
0.006 mg/mg protein 
Crop gland test (12) 
(9) local injection 
(b) systemic inJec-
tion 
Ovarian Ascorbio Aoid 
as,say of Parlow (13) 
B. FSH (Steelman). This material -was prepared by the method described 
bf Steelman!i!l- (20). In the Steelman-Poh1ey assay (19), this FSH 
showed a potency 2-3 times that of the Armour Standard FSH (264-151x) 
(43). However, the material was found to contain oonsiderable ICSH, 
which in the ascorhic acid depletion test (13) was shown to have a 
potency of 0.05 that of Armour Standard ICSH (227-80) (43).' This FSH 
preparation showed less than 0.1 USP units per mg of TSH in the p32 
uptake test (9). 
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II. Interstitial Cell-stimulating Hormone. Three preparations of 
ICSH were used: 
A. NIH~LH-S-l (Ovine preparation). 
B. A preparation kindly given by .01". C. H. Li,; this was an ovine 
preparation, hereafter called lCSH (Berkeley). 
C. A preparation provided by Dr.' Darrell N. Ward,; this was an ovine 
preparation, hereafter called ICSH (Houston). 
A. NIH-LH-S-l. 
Preparation. This hormone was prepared from sheep pituitar.y after 
'the method of Ellis (8). 
Potenqy. This preparation was measured for ICSH activity against 
Armour Ui Standard (227-80) by two methods: 
(1) Ventral Prostate Method (14) 
(ii) Ovarian ayperemia Method (15) 
(i) Ventral Prostate ~thod (14). ~asurement of weight increase 
in the ventral prostate of hypophysectomized rats indi cated that the 
present preparation is equal in potenqy to the Armour Standard (227-80). 
(ii) Ovarian~eremia Method (15). Intravenous injection into 
immature rats showed that 0.4 ~g was the minimal dose required to 
produce hyperemia, while 1.2 ~g gave a maximal response. The present 
preparation is equal in potency to the Armour Standard (227-80) in this 
assay. 
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Contamination. Table XIII shows the results of assay for other 
protein hormones. 
Table XIII 








0.015 USP units/mg pr otein 
0.25 USP milliunits/mg protein 
Absent from 1.0 rng doses of LH 
Absent fran 25 mg doses of Ui 
Absent from 6.0 mg doses of LH 
Method 




Ten day weight gain 
test (11) 
Pigeon crop ~land 
tests (12) 
OvarIan weight test 
(see page 9L) 
B. ICSH (Berkeley). ~. C. H. Li prepared sheep ICSH according to 
the method described by Squire am li (l6.)~ The criteria of purity of 
this preparation are physico-chemical (16). 
c. ICSH (Houston). Dr. Ward kindly provided a sample of his sheep 
LH2 (4-l77D). This material was prepared by the Koenig-King ethanol-
acetate extraction and chromatography on carboxymethyl cellulose. The 
method has been reported in detail (17) and the final product wes assayed 
by two methods: 
(i) Ovarian ascorbic acid depletion (13) revealed a potency of 1.93 
relative to Armour Standard LH-227-BO. 
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(ii) Ventral prostate ~ight increase {14) in hypophysectomized rats 
indicated a potency of 1098 relative to the same standard. These results 
lNere calculated by the two,=dose factorial assay of Bliss (18). Physico-
chemical evidence of purity has been given for this mater lal but deta ils 
of bioassays for contaminating hormones have not been published. 
III. Miscellaneous. Table XIV shows the source and nature of the 
remaining protein and peptide compounds used. 
Table XIV 













t The Brit 
Source Pre sentation 
(1) Ayerst Lab. Solution in 0.8% 
NaCl. 1000 I.U./ml. 
(i i) Upjohn Co. Powder 
Upjohn Co. Powder 
Armour Lab. Powder 
Armour Lab. Powder 
Sandoz Solution in 0.8% 
NaCl 24 units/ml 
~. S. L. Steel- Powder 
man 



















7. Incubation. IncUbation was performed in a Dubnoff metabolic 
incUbator at 37.5°C for 1 to 6 hours, with constant agitation. The 
incubation chamber was continuously gassed with 95 per cent oxygen and 
5 per cent carbon dioxide throughout the incubation. The tissue and 
medium were placed in open Erlenmeyer flasks (25 ml or 50 ml) and the 
contents were added in the order shown on page 117. The ti ssue was always 
added last and the expression ufina1 volume" refers to the volume of 
the medium to which slices of tissue were added but includes the volume 
of tissue in the case of homogenates. Unless otherwise stated, the final 
volume was 3.0 m1 in a 25 m1 Erlenmeyer flask. 
8. Extraction. At the conclusion of incUbation the contents of 
each flask were transferred to a Ten-Broeck glass homogenizer (10 m1 
capacity) and the slices were homogenized to a uniform gray liquid; 
this step was omitted in the case of testicular homogenates. A sample 
(0.1 m1) of the homogen'ized tissue was removed for protein estimation 
and the remainder was transferred to an 80 m1 centrifuge tUbe in which 
lOO~g of unlabeled testosterone dissolved in 0.1 ro1 of methanol had 
already been placed. The incubation flask was then rinsed with 4 m1 
of methanol which was added to the 80 ml centrifuge tube and was followed 
b,y 3 pellets of potassium ~droxide. These additions gave a suspension 
which was 66 per cent in methanol and 10 per cent in potassium hydroxide. 
The mixture was boiled for 10 minutes in a water bath and then allowed 
to cool. Five ro1 of di stl lled water was added to the cool solnt ion. 
This solution was extracted three times with ethyl ether (three volumes 
of ether to one of water phase). The first two extracts were combined 
and dried under nitrogen at 40°C; the third was added to the dry extract. 
The ether extract was then washed with 10 ro1 of 10 per cent aqueous sodium 
- 100 -
acetate, followed by three washes with distilled water (10 m1 each). 
These steps were performed with a footed stirring-rod and after each 
extraction and wash, the layer to be discarded was removed by means of 
a serum-lifter operated by compressed air. Each extraction and wash 
consisted of 200 passes with the footed stirring-rod. 
Approximate 1y 10 mg of anhydrolls sodi um sulfate was added to the 
extract to remove any water and the extract was transferred to a citrate 
tube by means of the serum-lifter and dried under nitrogen. The sides 
of this tube were washed six times with chloroform and the dry extract 
was dissolved in 20 m1 of pentane and left in a refrigerator over night. 
9. Column Chromatography. An aluminum. oxide column was prepared 
according to Brady's modification (21) of the method of Samuels (22)., 
Reagent grade aluminum oxide, obtained from Baker and Adamson (Code 1236) 
was used and this was activated at 600°C far 4 hOllrs, being allowed to 
cool to 2000 C before it was removed from the furnace. nB aluminum 
oxide was then poured into 15 m1 screw-cap vials and stored in a 
desiccator. Each batch of activated alumina was tested by applying a 
sample of testosterone-4~14 dissolved in 20 m1 of pentane to the 
column and eluting fractioils as described below. The various fracti:ons 
were dried under nitrogen in vials prepared for the Packard Tri-carb 
liquid scintillation counter and counted in this apparatus. If less 
than 90 per cent of the sample of testosterone-4-C14 was recovered in 
the expected fraction, the aluminum oxide was reactivated. 
The column was prepared by pouring aluminum oxide into a glass column 
(without stop-cock), 29 em long with an internal diameter of 1 cm. The 
column was packed dry by brisk tapping on the bench surface for two min-
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utes, followed by tapping the sides of the column with a pencil and 
finally by tapping on the bench for a further two minutes. The 
aluminum oxide was retained in the column by a small piece of clean glass 
wool. The dry column was washed, the sample applied and elution carried 
out as follows: 
Column wash Pentane 15 ml 
Sample applied in Pentane 20 m1 
Sample wash (Fra ctlon A) Pentane 15 ml 
Fraction B Pentane 15 ml 
It C Chloroform. 3% in Pentane 30 m1 
If D rt 6% n tJ 15 m1 
n E " 9% 'I It 30 m1 








'f X Chloroform 20 ml 
Cholesterol was removed in fractions C and D, While testosterone 
appeared in fraction G (21,22). The required fractions were dried 
under nitrogen. 
10. Paper Chromatography. Samples were prepared for paper chroma-
tography by dr.ying under nitrogen and washing the sides of the containing 
vessel with chloroform six times, drying between each washing. The 
sample was dissolved in 6 drops of methanol-chloroform (1 to 1) and 
applied to paper strips by means of a thick walled Pasteur pipette. 
When the first solution had been appl ied, 4 drops of methanol-chloroform were 
added to the sample and the process of applying to paper was repeated; 
fina1~ 2 drops of methanol-chloroform were added and this solution also 
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applied to paper. 
Table XV shows the systems of paper chromatography used. 
Table XV 
Impregnation 
System Stationary Phase Mobi Ie Fha se of paper Duration 
Zaffaroni (2),24) Propylene Glycol Ligroin Propylene 
Glycol-
Methanol 2: 3 24 hrs 
Formam ide Hexane-Benzene Formamide- To the 
1:1 Methanol 1:1 front 
Formamide Hexane n n 
Savard (25) Methyl qyclohexane Ligroin Mettwlcyclo- 24 brs 
hexane-Methanol 
Bush A (26) Aqueous Methanol Light Petro-
leum 
2:3 
For Zaffaroni and Savard systems, Whatman No.1 filter paper for 
To the 
front 
chrcmatograpby -wes used in strips 2 em wide. For the Bush system 
Whatman No.4 filter paper was used in strips 2 em wide. Strips were 
dried over night before a fan; ultraviolet-absorbing areas were identi-
fied by means of a Haines' scanner (27) and marked with pencil. The 
strip was then ready to be counted for radioactivity. 
Elution of paper chromatograms was performed with 5 ml of vacuum 
distilled methanol. The area to be eluted -was cut from the paper strip 
with one end pointed. The paper was suspended from a curved 22 gauge 
needle attached to a 10 ml syringe. The methanol was placed in the 
barrel of the syringe which was clamped in position so that the methanol 
ran down the needle, over the paper and slowly dripped into a receiving 
vessel. 
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11. Measurement of Radioactivity_ 
(a) Strip Counting. Dry chromatograms were counted in a 
'window Geiger counter and radioactivIty was recorded on a Brown Electro-
nik Recorder, made by Minneapolis Honeywell Regulator Company. The 
co unter was calibrated against ~ windowless plate counter by applying 
14-
solutions of progesterone-21-C to a paper chromatogram developed 
in hexane-formamide. Identical aliquots ware plated on aluminum plan-
chettes and counted in a plate-counter. Various amounts of progesterone-
21~14 were used to calibrate the instrument over a wide range of radio-
activity. The area under the peak representing progesterone-21~14 was 
measure d by triangulation and through the range tested, one square 
centimeter on the 100 Scale of the recorder, represented approximately 
22 counts per minute on the windowless plate counter. 
Chromatograms were examined by means of the strip counter and the 
areas of peaks representing radioactivity were measured by triangulation 
and converted to counts per minute (CPM) b,y means of the factor 22. 
The figures resulting from this conversion were more convenient than 
those expressed in square centimeters and in each experiment comparison 
of one specimen with another was based on cPM. No attempt was made to 
achieve absolute values by conversion to DPM., 
(b) LiqUid Scintillation Counting. Samples were counted in 
the Packard Trl-Carb Liquid Scintillation Spectrometer Model 314x, by 
adding 10 ml of scintillation flul,d. Scintillation fluid was prepared 
by dissolving 4 gm of 2,5-diphenyloxazole and 50 mg of 1,4-b15-2 (5-
phenyloxazo1y1)-benzene in one· liter of toluene redistilled aver sodium; 
this fluid was stored in a brown bottle. 
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When aqueous solutions were counted, 0.2 ml aliquots -were mixed 
with 3 ml of absolute ethanol and 7 ml of scintillation fluid were added. 
Protein precipitates and samples of tissne were groond with a mortar and 
pestle, suspended in 3 ml of ethanol and 7 ml of a gel prepared by making 
a 4 per cent solution of cab-o-sil in scintillation fluid. 
Paper chromatograms were counted by cutting the strip into pieces 
1 am by 2 am. These were placed in counting vials and 10 ml of scintil-
lation fluid added. Equal areas of paper above and below that occupied 
by the sample ~re similarly counted to provide control levels. 
(c) Plate counting. A Nuclear Chicago windowless plate counter 
was used to determine the specific activity of protein precipitates. 
The precipitate was dissolved in formic acid by dropwise addition and 
0.2 ml aliquots of this solution -were delivered to the center of a 
weighed aluminum planchette. The formic acid solnti on spread evenly 
over the planchette and dried to constant weight after remaining for 
two honrs in a hood. 
12. Identification of Testosterone. The radioactive material 
which was extracted following incUbation and which accompanied unlabeled 
carrier testosterone was identified as testosterone by the following 
procedures: 
A. In all experiments the radioactive peak exactly coincided with 
the area occupied by the added carrier testosterone. 
B~ Acetylation. The area of paper chromatogram occupied by carrier 
testosterone was eluted; the eluate was dried under nitrogen and ace-
tylated. Acetylation was performed by adding 0.4 ml of a mixture of 
pyridine and acetic anl'\Ydride (5:1) to the dried eluate. The mixture 
was shaken and left for 24 hours at room temperature in the dark. 
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At the end of this time the reaction mixture was dried under nitrogen 
as described by Fevold (28). The a cetylated compound was subjected 
to paper ehr ana tograpIw in the Zaffaroni system hexane -benzene -formamide. 
The dry strip was examined by means of a Haine~ scanner (27) and 
counted in a strip counter. The ultraviolet-absorbing testosterone 
acetate formed from carrier testosterone was accompanied by a single 
peak of radioactivity and both showed an Rf value of 0.82, as expected 
for testosterone acetate in this system. 
C. Oxidation. Material eluted as in B, 'WaS oxidized by chromic 
acid. Crystalline chromic acid was repeatedly washed with glacial 
acetic acid to remove moisture and 0.4 m1 of the final solution of 
chromic acid in glacial acetic acid, was added to the dried eluate 
and allowed to stand for 12 hours. At the end of this time 5 m1 of 
water was added and the solution extracted three times by shaking 
with 20 ml of ether. The combined extracts were dried un~er nitrogen 
and applied to a paper chromatogram in the Zatfaroni system hexane-
benzene-formamide. The oxidized carrier was accompanied by a single 
peak of radioactivity showing an Rf value of 0.6, consistent with the 
behavior of androstenedione. 
D. Recrystallization. Recrystallization of radioactive products and 
their derivatives was performed to constant specific activity. This 
procedure was carried out in a test tube (8.0 x 75 mm). The sample was 
transferred in chloroform to the test tube ~ means of a Pasteur pipette 
and dried under nitrogen. An appropriate weight of unlabeled ;carrier 
was added in aroystalline form and the mixture left in a desiccator 
for 24 hours before weighing. The mixture was then dissolved in a 
suitable volume of the selected solvent by warming in a water bath. 
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An aliquot of the solution was removed b,y means of a micropipette and 
transferred to a counting vial, dried and stored in a desiccator. 
Crystallization was allowed to begin at room temperature and with the 
appearance of the first crYstals the stoppered test tUbe was trans-
ferred to the refrigerator. When c~stallization was complete, the 
mother liquor was removed with a Pasteur pipette, the c~stals 
dried under nitrogen and left in a desiccator for 24 hours before 
weighing. The crystals wre again dissolved in a suitable volume of 
the next solvent, an aliquot removed and the prooess repeated. 
Scintillation fluid (10 ml) was added to each of the dried aliqnots, 
which were then counted in the liquid scintillation counter. 
E. Gas Chromatography. The retention time of radioactive netaris1 
isolated from incubated tissue was measured by gas chromatography. The 
material tested was pooled from six flasks and extracted without addi-
tionof carrier testosterone. Tba specimens were run in the system 
ligroin-propylene-glycol as usual and the radiooctive peaks which 
moved the same distance as carrier testosterone on a parallel strip 
were eluted, pooled, dried under nitrogen and studied by gas chromatog-
raphy. 
13. Extraction of Fatty Acids. When analysis of the fatty acid 
content of tissU2S was undertaken, the water phase after extraction 
with ether was acidified to pH 1 by means of 12 N qydrochloric acid 
with the aid of pHydrion paper and extracted three times wi th three 
volumes of petroleum ether. The first two petroleum ether extracts 
'Were dried under nitrogen and the third added to the dry extract. The 
petroleum ether solution ws washed once with 10 ml of 1 M acetic acid 
and four times (10 ml each) with water, which caused the pH to return to 6. 
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The petroleum ether phase was dried under nitrogen until no smell of 
acetic acid could be detected. The last step was performed in a counting 
vial or in a test tube according to the particular experiment. When 
performed in a test tUbe, this was sealed under nitrogen before being 
sent for gas chromatographic studies. 
14. Gas Chromatography (3D-4o). Gas chromatographic analyses were 
performed on a Whee1eo model 10 liGas-liquid Chromatographu. This 
instrument 'Was made available through the courtesy of Dr. E. C. Horning 
at the National Institutes of Health, Bethasda, Maxy1and. 
For the stuqy of fatty acids, the liquid phase was ethylene glyco1-
adipate and the column was packed by solution in chloroform and vibra-
tion (30) in a U .... tube 4 rom in internal diameter and 2 meters long. 
Steroid compounds were studied on a Barber-Colman gas chromatograph 
b,y Dr. E. Nishizawa and Dr. K. Eik-Nes. The liquid phase consisted 
of neopenteny1glyco1succinate polyester. Again the column was packed 
by a solution technique (30) USing a 10 per cent solution of the poly-
ester in chloroform and 60-80 mesh acid-washed 1'Ce1ite 545*'. ThiS coated 
celite contained 20 per cent (w/w) of stationary phase and was packed 
~ vibration in a glass U-co1umn, 100 em by 2 mm internal diameter. The 
'Whole column was conditioned at 200°C and the gas phase was argon at a 
pressure of 18 pOWlds per square inch. .A potential of 750 volts was 
used in the ionization detector. 
14 15. Permeability Studies. The compounds D-xy1ose-1-C and a-amino-
isobu.tyric acid-1-C14 were used to study the influence of hormones on 
cell permeability. Aqueous solutions of these substances were added to 
the incubation medium and at the conclusion of the incubation the slices 
were carefully transferred to a thick walled, pyrex ignition tube (125 x 
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16 mm) and 10 ml of Krebs-Ringer bicarbonate buffer added., The contents 
of the tube were gently mixed by inversion (the top of the tube being 
sealed with Parafilm) and centrifuged at OoC until the centrifuge 
~ached 1,500 x g, the centrifuge was then switched off and allowed to 
come to a stop. Five such washes were performed and from the conclu-
sion of the incubation the slices were kept at OoC. 
The slices were drained and then dried in en oven at 1200 for 2 
hours, cooled, we ,ighed and returned to the oven for a further hour. 
This process was repeated until a constant weight was obtained. The 
tissue was then brought to a boil in 3 ml of water in stoppered ceRtri-
fuge tubes, by means of a boiling water bath. The tissue was agitated 
with a stirring rod and left to cool; an aliquot of the cool solution 
was counted in the liquid scintillation counter. Aliquots of the 
incUbation medium aRd of the combined buffer washings and a suspension 
of the tissue remaining after boil ing were also counted ift the liquid 
scintillation counter. 
16. Amino Acid Incorporation Studies. C14-labeled amino acids 
were added to the incubation flasks and incubation conducted in the usual 
way. At the end of incubation, the slices were'hom.ogenized and centri-
fuged at 650 x g for 15 minutes. The supernatant was decanted in 
0.4 ml of 40 per cent aqueous trichloracet ic acid, extracted with a 
stirring rod (100 strokes), boiled for two minutes and extracted again. 
The mixture was centrifuged at 650 x 9 for two minutes aadthe super-
natant discarded. This process was repeated twice, using 4ml of 4 
per cent trichloracetic acid. Two extractions with 5 ml of absolute 
ethanol were performed in the same way (including boiling) and one 
extraction with 5 ml of ether was carried out at room temperature. 
- 109 -
The precipitate was dissolved in formic acid (98-100%) by dropwise 
addition from a micropipette and 0.2 ml of too solution plated on wighed 
aluminum planchettes and countedt> 
17. Acid-Labile Fraction. Experiments in which extraction of an 
uncharacterized fraction containing terpene alcohols was made, followed 
the procedure ;for the extraction of fatty acids to the point of the 
third petroleum ether extraction. The combined petroleum ether 
extract (volume 30 ml) was vigorollsly extracted with 20 ml of nomal 
sodium hydroxide three times, followed by three washes with distilled 
water of the same volume. The petroleum ether extract was dried with 
, mg of sodium sulfate and transferred to an 80 ml centrifuge tube 
containing 2 ml of toluene. The petroleum ether was removed under nitro-
gen at room. temperature and to the residual 2 ml of toluene, a ml of 
sCint!l,lation fluid was added. The samples were counted in a liquid 
scintillation counter. 
18. Recovery Experim.ents. Recovery experiments were performed 
by preparing the usual incll1:l3tion medium. including sodium acetate-l-Cl4 • 
To this medium was added a convenient amount of testosterone-4-Cl4 
dissolved in 0.3 ml of propylene glycol and finally testis slices were 
added. The flask -was immediately placed in a de~p-freeze (_aoC) for 
the duration of the incubation. At the end of this time, the contents 
of the flask were a 11o'Wed to thaw and were homogenized and extracted in 
the usual manner. The final chromatogram in ligro'in-propylene-glycol 
was counted in the liquid scintillation counter together with aliquots 
of the original solution of testosterone-4-C14. 
19. Control Experiments. Control experiments included zero time 
controls in which the flasks were prepared in the usual way and kept 
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at -BoC for the duration of the incubation. In other control experiments 
a flask and its contents were heated at 46°C for )0 minutes, then incu-
bated for two hours in the usual way. In all cases the control flasks 
were extracted in the same way as companion specimens. 
20. Preincubation. In some experiments incubati on was begun in 
the usual way and at certain time intervals was interrupted for the 
purpose of making some addition to or othat' change in the ccntents of 
the flask. The period prior to snch -interruption is referred to as the 
period of preincubation. 
21. Protein Estimation. Estimation of tissue protein was performed 
by the Fo1in-Chiocaiteau method (41). This method is a colorimetric 
procedure in which two colors ere developed by the successive application 
of the biuret reaction and by the reduction of a phosphomo1ybdic-
phosphotungstic reagent (Fo1in reagent) by the amino acids tyrosine and 
tryptophan. The assay was performed upon an aliquot of a solution of 
tissue in normal sodium hydroxide. The solution of tissue was prepared 
by dissolving the 0.1 m1 sample removed after homogenizing the slices 
(see page 99) in 0.1 m1 of nonna1 sodiw;n hydroxide, which was diluted 
to 1 m1 by water after the tissue had dissolved. 
To 0.1 m1 of the dilute solution was added 1 m1 of a reagent composed 
·of a mixture of 0.5 per cent copper sulfate in 1 per cent sodi om tartrate 
(1 ro1) and 2 per cent aqueous sodium carbonate (49 m1). Ten minutes 
later, 0.1 m1 of Fo1in reagent was added and after )0 minutes the solu-
tion was read against a reagent blank in a Coleman spectrophotometer at 
750 lIlJ.l.. A standard curve for this reaction was constructed from estima-
tions performed on solutions of serum albumin. 
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22. Estimation of Cholesterol Fraction. Fractions C and D 
eluted from the aluminum oxide co1wn.n described on pagelOOwere combined, 
dried under nitrogen and 5 mg of cholesterol added. The mixture was 
dissolved in 25 m1 of a 1 per cent soluticm. of digitonin in 90 per cent 
aqueous ethanol and warmed at 40°C until the solution was clear. This 
solution wa s left at 18°e overnight and then excess ether added. The 
resulting precipitate ~s washed three times with ether and dissolved 
in pyridine. The pyridine solution was p1ated.and the p1anchette 
-weighed and counted in a plate counter. Tte compos it ion of the 
digitonin precipitable material was not studied in further detail. 
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Stimulation in vitro of Slioes of Rabb ft Testis by Gonadotrophio 
Hormones. 
a!!!! - 1. To demonstrate the influence of gonadotrophic 
hormones upon the rate of inoorporation of sodium aoetate-1-C14 
into testosterone by slices of rabbit testis .!!l vitro. 
2. To establish the identity of the radioaotive 
testosterone resulting from 1. 
3. To stu~ the influence of substrate oonoentration 
and speoifio activity and of time, upon the rate of inoorporation of 
. 14 
acetate-1-C into testosterone by sl ices of rabbit testis .!!!. vitro. 
1. The Inf1uenoe of Gonadotrophic Hormones upon Slioes of Rabbit 
Testis ~ vitro. 
A. Chorionio Gonadotrophin. The effeot of human ohorionic 
gonadotrophin upon the incorporatton of acetate-1-C14 Into testosterone 
was tested b,y incubating slices of rabbit testis in the manner desoribed 







Krebs-Ringer bicarbonate buffer to 
Slices of Testis 
1.2 x 10-1 mMoles 




The final specific activity of the sodium acetate was O.O? mC per 
mHole. Incubation was for 6 hours at 37.5°C. Table XVI shows the 
results of such experiments. 
Table XVI 
14 The Influence of HOG upon the Incorporation of Acetate-1-C 
into Testosterone by Slices of Rabbit Testis ~ vitro 
Experiment Weight of Testis Fm Testosterone 
Gm/f1ask I.U./f1ask CPM 
6 1.8 
1.6 
2.0 5,000 286 











+Brackets indicate that specimens were pooled before measuring 
radioactivIty. 
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Identification of Radioactive Material - The following criteria 
established the identity of the radioactive material isolated as testo-
sterone: -
(i) The radioactive material behaved as testosterone on paper 
chromatography in ligroin-prop,ylene glycol. 
(ii) Acetylation followed by Chromatography in hexano-benzene-
formam ide revealed that the acetylated radioact ive compound behaved as 
testosterone acetate. 
(iii) The acetate was recrystallized to constant specific act~vity 
following addition of 10 mg of crystalline testosterone acetate (Table 
XVII). 
Table XVII 
Recrystallization of Testosterone Acetate 
Rec~stallization Solvent DPM per mg 
Original Mixture Methanol 690 
1st A.cetone 77 
2nd Ethanol 75 
3rd Acetone 70 
B. Adenohypophysis. The anterior pituitary gland of an adult 
male dog was homogenized in Krebs-Ringer bicarbonate buffer and incu-
bated with slices of rabbit testis as before; the results are shown 
in Table XVIII (Experiment 14). 
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Table XVIII 
The Influence of Pituita~ Homogenate on Slices of Rabbit Testis 
.!!! vitro 










Identification of Radioactiw :Material. Acetylation of the 
radioact lYe material followed by chromatography in hexane-benzene-
for.mamlde indicated that the acetate behaved as testosterone acetate 
in this system. 
C. Follicle-5timu1at ing lioQlione. The influence of ~ upon 
the incorporation of 8cetate-l~14 into testosterone is shown in 
Tab1enx. 
Table XIX 
The Influence of FSH on the Incorporation of Acetate-1-C14 into 
Testosterone by Slices of Rabbit Testis !a vitro. 
Experiment Weight of Testis l'§i Testosterone 
Gm./flask Preparat ion "Weight CPH 
msLf1ask 
12 1.4 Steelman :] . 1.8 
1.9 12.~ 4- 1,640 1.6 12. 
1, 2.1 NIH (Vhj1) 
2.8 2.$ 70 
3.1 ,.0 142 
3.0 7., 206 
2.9 10.0 J24 
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26 2.0 IIH(Powder) 10 363 
2.0 (Vie1) 10 352 
2.0 (Polider) 15 506 
2.0 (Vial) 15 484 
200 (Powder) 20 726 
2.0 (Vial) 20 748 
• Braok.ets i"dicete that specimens were pooled before measuring 
radioactivity. 
I dent iff cat ion of Radioact ive Material. The following criteria 
extab1ished the identity of the radioactive material isolated, as 
te stoste rone • 
( i) The radioact ive material behaved as testosterone in the 
following systems of paper chromatography: -
(a) Ligroin - propylene glycol (moving 8 em in 24 hours). 
(1) Hexane - benzene - formamide (moving 11., em in 2 hours). 
, 
(c) BushA (moving 23 em in 2t hours). 
(d) qyc10hexane - propylene glycol. (moving 8.6 em in 24 hours). 
(ii) Acetylation followed by chromatography in hexane-benzene-
formamide showed that the radioactive material behaved as testosterone 
acetate (moving 43 em in 2 hours). 
(iii) The acetate was ~c~sta11ized to constant specific activity 
(Table XX). 
D. Interstitial cell-Stimulating Hormone. The influence of ICSH 
(NIH-LH-S-1) upon the incorporation of acetate-1-C14 into testosterone 
is seen in Table XXI (Experiment 30). 
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Table .XX 
Recr"stallization of Testosterone Acetate 
Rec~stal1ization Solvent DPM per mg 
Original Mixture Methanol 16 
1st Acetone ,8 
2nd Ethanol 82 
3rd Methanol 81 
4th Ligroin 82 
Table XXI 
The Influence of ICSH and FSH upon the Incorporation of 
Acetate-l~14 into Testosterone by Slices of Rabbit Testis ~ vitro. 
FSH ICSH Weight of Testosterone Cholesterol 
mg/flask mg/flask Testis per flask CPM Fraction 
~ CP~ 
1.0 242 1,616 
0.1 1.0 4,620 1,806 
0..5 1 .. '0 2,160 2,274 
1.0 1.0 3,180 2,42, 
,.0 1.0 4,000 2,,11 
0.5 1.0 14,080 2,486 
0., 0.5 1.0 6,460 2,290 
.. The "cholesterol fraction~ consisted of the combined fractions C 
and D from. the alwainwn oxide column described on page 100. Between 68 
and 80 per cent of the radioactivity of this fraction was precipitated 
by digitonin (page 11]). 
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The ident ity of the rad ioact ive material measured as testosterone 
in the case of ICSHstimulation was established as follows: 
(i) The radioactive materi1l1 behaved as testosterone in the 
following systems of Chromatography. 
(8) Ligroin-propylene glycol (moving 7.4 cm in 24 hours) 
(b) Hexane-benzene-fotmamide (moving 11 em in 2 hours). 
( i i) Acetylat ion followed by chromatography in hexane-benzene-
formamide revealed that the acetylated radioactive material behaved 
as testosterone acetate (moving 44 em in 2t hours in this system). 
(iii) Oxidation with chromic ecidfollowed by chromatography 
in hexane-benzene-formamide revealed that the oxidized radioactive 
material behaved as androstenedione (moving 14 em in 2t hours in 
thi s system). 
/':'. (iv) The original material, the acetate and the product of 
oxidation (androstenedione) were separately ree~stellized to con-
stant specific activity after addition of c~stalline unlabeled 
ckrrier in each case (Table XXII). 
(v) Material behaving as testosterone in ligroin-propylene 
glycol was eluted and eluates from six flasks were combined, dried 
under nitrogen and studied by gas chromatography. The combined 
specimen was shown to contain 0.06 ~g of material which behaved as 
testosterone, showing a retention time of 15 minutes. In add it ion,' 
a second compound was seen, showing a retention time of 11 minutes. 
The second compound has not been identified. 
2. The system was studied with a view to finding the most 
suitable conditions of inCUbation in order to use the results as 
the basis for "an assay system, measuri~g the rate of incorporation 
Table XXII 
Testosterone Testosterone Acetate --Androstenedione 
Rectysta1- Solvent DPKper Recrysta1- Solvent DPM per Recrysta1- Solvent DPM per 
1ization mg lization mg 1ization m9 
~t ' 
Original :Methanol 233 Original Plethano1 240 Original Methanol 180 
mixture mixture mixture 
..... 
1st Ethanol 198 1st Benzene 172 1st Ethanol 184 I'\) \..,) 
2nd Acetone 206 2nd Ethanol 157 2nd M!t hano 1 164 
3rd Methanol 200 3rd Ligroin 161 3rd Acetone 184 
4th Benzene 206 4th Methanol 164 4th Methanol 181 
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14 
of acetate-1-C into testosterone. The results of such experi-
ments are shown in Table XXIII. 
~ 
The fo1,.1owlng conclusions were drawn fran these findlngs:-
1. More acetate was incorporated into testosterone in 3 
hours than In 2 hours. 
2. Experiment 28 suggests that a specific activity of approx-
imately 7.3x10-2 pc per mM01e of sodium acetate provided a response 
which could be conveniently measured as radioactive testosterone. 
3. Experi~nt 29 suggests that 1.0x10-1 mHo1e of sodium 
acetate in 5 111 of medium almost saturates the system, since a 
three-fold increase in this concentration causes only a small increase 
in the response (9 difference whiCh is probably within the limits 
of experimental error). 
It was apparent that slices of testis trom different rabbits 
differed widely in their response to gonadotrophins and it proved 
difficult to mix slices from different animals to give a random 
mixture. It was, therefore, decided to reduce the volume of the 
medium to 3 m1" and to conduct subsequent experiments in such a way 
that each experiment would be based upon the comparison of the 
activi~ of slices from one rabbit only. The system was accordingly 
modified as follows: 
Weight of testis 
Final volume of medium 
Weight of acetate 
Duration of incubation 
0.5 gm 
3.0 m1 
5x10-2 mPlo1e (8.5x10-2 )lc/mHo1e) 
2 hours 
Since the identity of the radioactive material extracted following 
incubat~on vas established as testosterone and since this material 
showed consistent bebavior on paper chromatograpQy in 1igroin-propy1ene 
Table XXIII 
The Effect. of Substrete Concentration, SpeC-lrie Actlvltye1\d Time upon the Rate of Incorpora-
tion of Acetate-l-C into Testosterone Py Slices of Rabbit Testis.> '. 
Experiment Wt of Test is* Volume of Ibrat ion of Acetate FSH Testosterone 
per flask Medium Incubation mMoles pc per mg/flesk CPM' 
gm ml hours pe r flask mMQle 
28 2.0 10.0 zero ·3.3XlO:~ 2.3xlO:~~12.5 
2.0 10.0 2 3.3xlO_2 2.3xlO_2 12.5 
2.0 10.0 2 3.3xlO 2 7.3xlO_2 12.5 2.0 10.0 3 3.3xlO:2 2.3xlO_2 12.5 2.0 10.0 3 3.3xlO 7.3xlO 12.5 
- ~- - .-.~,~ ';"';2 ... -;';;:2 
29 1.0 5.0 2 3.3xlO 1 8.3xlO 2 5.0 








* , Slices from three rabbits were pooled and. used in Experiment 28; slices from. one rabb~t were 





glycol, it was decided to measure t~ amcnmt of radioact ive testo-
sterone formed in each experiment, by triangulation of the'radio-
active peak opposite the ultraviolet-absorbing carrier testosterone. 
A typical record of the radioactivity of such a chromatogram is 
shown in Figure 3. 
II 
Figure 3. Tracing of the recorded radioactivity of a chroma-
togram developed in ligroin-propy1ene glycol from material extracted 
follpwing inCUbation of slices of rabb,it testis with sodium acetate-
1~14o The shaded area represents the position occupied by carrier 
testosterone, as revealed by the Heines' scanner. 
Peak I wes studied by gas chromatogr~ and shown to consist 
of at least 4 compounds, ell of which beh~ved like steroids. One of 
these showed a retention time equal to that of pregnenolone, a second 
behaved like 17-0< -hydroX¥pregneno1one end a third 1 ike l7....e<.-hydroxy-
progesterone. The identiflDstion of these compounds was not studied 
in further detail. 
Peek II was shown to consist of testosterone and an unidentified 
compound (page 122>. 
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Peak III behaved like androstenedione on gas chromatography hut 
has not been further ident ified. 
Peak I could be further separated from testosterone by re-
chromatography in ligroin-propyleneglycol for 48 hours. Table XXIV 
shows the result of measurements of ,radioactivity by triangulation 
after the first (24 hours) chromatogram and after rechromatography 
(48 hours) in the same system. 
Teble XXIV 
The Effect of Rechromatography on the Measu~ent of Radio-



















It was considered that the time required to effect this further 
separation of testosterone from peek I was not justified since the 
ratio of measured radioactivity between different specimens was not 
significantly altered. Rechromatography for shorter periods, exten~ 
sion of the original chromatogram to 48 hours, use of Bush A and 
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Zaffaroni systems after the first Chromatogram, did not improve 
the separation of testosterone from peak I. 
It is clear from the results of recrystallization that the 
radioact ive testosterone isolated fran the chromatograms was impure. 
The nature of the unidentified compound found ~b gas chromatography 
of material opposite peak n remains unknown, nor Is it known whether 
this material is radioactive or not. ~~ent studies by Lipsky !i al. 
showed that testosterone may decompose on gas chromatography(l), so 
that the substance mentioned may be a product of such decomposition. 
Although it is realized that the testosterone lsolated from 
such paper chromatograms may be impure, the total radioactivity 
measured by trIangulation will be referred to as testosterone, 
for the sake of convenience end will be expressed as CPM per 100 mg 
(of te st i euler) prote in. 
3. In two experiments no incorporation of sodium mevalo~te-
14 f 4 2-C nor ol: cholesterol-4-C1 into testosterone by slices of rabbit 
testfs was seen. It was not possible to demonstrate the incorporation 
of sodium butyrate-l-C14 into testosterone by slices of rabbit testis 
3 -1 in concentrations of fran 10- mMoles to 10 mMoles per flask. These 
substrates were tested both with and without ICSH. 
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Conclusions 
These findings appear to justify the following conclusions:-
1. The hormones HCG, F9i and ICSH are capable of stimulating 
the rate of incorporation of acetate-1-C14 into testoste~one by 
slices of rabbit testis !! vitro. Homogenate of canine ~nterior 
" pituitary gland is capable of causing the same responise. 
2. The identity of the: testosterone so produced has been 
established. 
3. Conditions of incubation suitable for measuring this response 
to gonadotrophic hormones have been esteblished. 
4. Slices of rabbit testis incubated in the absence of trophic 
hormones iva~ considerably in activity and frequently do not show 
detectable incorporation of acetate into testosterone. 
5. The response of slices of rabbit testis to trophic hormones 
varies considerably from animal to animal. 
6. Neithermeva1onate, cholesterol nor butyrate could be shown 
to undergo incorporation into testosterone by slices of rabbit 
testis 1n. vitro. 
7. The redioact ivity of an uncharacterized "cholesterol fract ion" 
was not significantly altered by gonadotrophic ho~ones. 
Reference 
1. Lipsky', S. R. and Landowne, R. A. Effects of Varying the 
Chemical Composition of the Stationaty Phase on'the Separation of 
Certain c19' C~l' end C27 Steroids by Gas Chromatography. Analytical Chemistry. 33.~18,l961. 
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Section 2 
The Response of Slices of Rabbit Testis to Trophic Hormones 
it!. vitro~ 
!!!! - 1. To establish the lowest dose of FSH end ICSHto 
which slices of rabbit testis will respond .!!l vitro. 
2. To study possible synergism betweenFSH end ICSH 
in their action upon slices of rabbit testis in vitro. 
3. To establish the, specificity of the response of 
slices of rabbit testis to gonadotrophic homones in vitro. 
4. To make suitable control experiments. 
5. To study the recovexy of testosterone-4-C14 add.ed 
to the incubation medium. 
6. To study the influence of time upon the l"esponse of 
slices of rabbit testis to ICSH .!!!. vitro. 
1. Experiments were designed to find the lowest dose of FSH 
end ICSH to which slices of rabbit testis would responq in the 
system described in Sect ion 1. Table XXV shows the lowest dose of 
FSH to which slices of testis responded. 
Tehle XXV 
Response of Slices of Testis to FSH In vitro 
Experiment Lowest dose of FSH (1'9) Testosterone CPM above 










.. Lower doses not tested. 
M 
0 
















Figure h shows the results of Experiments .35 and 16 in which 








1.0 0.3 0.2 001 o.ol O~OOl O~OObl 
ICSH (,.,9 pe r F1 ask) 
Figure h. Re'sponse of slices of r~bit testi$ toICSH. NumJ>ers in par-
entheses indicate the number of oh$erv.tiol\s. 'I1le .meen. is 
Indie.ted by the bar and the range 'by I. 
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Table XXVI shows the lowest doses of ICSH which produQed a 
response in slices of rabbit test is. 
Table XXVI 















.. Lower doses not tested. 









2. In experiments 34, 55 and 57, doses of ICSH between 10-7 
and 33 ,,9 were incubated in the presence of doses of FSH between 
-5 10 and 500 11g in order to stud¥ the possible occurrence of 
synergism between the two hormones. In no ease was a response ob-
tained which was gret!iter than the sum of the responses to either 
hormone alone. 
Table XXVII shows the result of preinctibating slices with one 
gonadotrophic hormone followed by addition of the other. 
Table xxvn 
The Effect of Preincubation upon the Joint Actions of FSi and ICSH 
on Slices of Rabbit Testis in vitro. 
EXPeriment Pre inQUfiat. ron for 1st hour Incubat ion for ~nd hour CPM 



















3. The specificity of the respoase of slices of testis to 
gonadotrophic hormones was demonstrated by failure of other pituita/ry 
hormones end of plasma protein to cause stimulation of slices in 
the system described in Sect ion 1. Table XXVIII shows the substances 
tested. Slices of testis frau. the same animals responded to 10-3}19 
ICSH per flask. 
Table XXVIII 







Plasma Prote hi 
Prolactin 







-1 10 - 10.0,ug 
4. In eight experiments, flasks containing slices of rabbit 
testis were prepared in the usual way and one flask was kept at 
o 
-6 C for the duration of incUbation. In two ~xperiments, flasks 
containing slices of rabbit test is were prepared lihd the contents 
heated at 40°C for 30 minutes, then incubated for two hours in the' 
usual way. In every case these control flasks were shown to contain 
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no detectable radioactive testosterofte. 
5. Recovery experiments. The mean recovery of added testo-
14 
sterone=4..c in four experiments in tilichextraetion included 
column chromatography, was 66 per cent. The mean recovery of 
added testosterone-4~14 in five experiments without column chroma-
tography was 67 per cent. The range of recovery in these experiments 
was 56 to 71 per cent. 
6. Table XXIX shows the effect of time upon the response to 
ICSH of rabbit testis from one rabbit (Experiment 83). 
Table XXIX 
ICSH Time of CPM Testosterone per 




10 90 2,993 
10 120 3,512 
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Conclusions 
These findings appear to justify the following conclusions: 
1. The lowest doses of FSH and IesH to ~ich slices have been 
sho'Wtl to resp'ond were 10-3 /tg and 10-4 ~g ~specti,"ly. The threshold 
dose varied considerably from animal to anim.al. 
2. It was not possible to demonstrate synergism between ~SH 
and JlCSH when these hormones were added sImultaneously but pre-
incubation with either hormone, folloW8d by addItion of the other, 
gave 8 response with doses which were without effect by themselves. 
3. The specIfiCity of the response of slices of rabbit testis 
to gonadotrophic hormones was indicated by failure of slices to 
respond to other pItuit.~ hormones and to plasma protein, in doses 
oomp:u:'able with those which proved effect lve in the case of gonado-
trophic hormones. 
4. Control experiments performed at low and high temperatures 
suggest that enzymatic activity may be involved in the incorporation 
14 
of acetate-l-C to testosterone by slices of rabbit test Is in ~. 
5. Experiments with added testosterone-4-C14 indicate that the 
present method is capable of recovering approximately 66 per cent of 
the testosterone present, with 6-1' without column chromatography. 
6. The occurrence of measurable stimulation of incorporation 
of Ilcetate-l-Cl4 into testosterone hy slices.' of rabbit test is requires 
at least one hour of incttb.~ion in the present system. 
In view of the fifth coaelusion it was decided to omit column 
chromatography in subsequent experiments. 
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Section 3 
The Influence of Hormones Administe~d .!!l !.!.!:2. upon the 
Incorporation of Acetste-1-C14 into Testosteron~ by Slices of Rabbit 
Testis ~vitro. 
!!!!: To study the- effect of pretreating rabbits in vivo, with 
lDi, F5H end testosterone upon the respmse of slices of rabbit testis 
to gonadotrophic hormoaes .!!!. vitro. 
1. Rabbits were pretre5ted with HCG subcutareously on a1temate 
days, being given thtee injections, the last of Which was administered 
two days before the experiment. The testes were remond and incubated 
in the usual way (page 99), without addition of gonadotrophic hormones. 
The dose of HCG used wes SOO I.U. for each of the three II\J eetlons. 
,Table XXX shows the resultsofsucnexpariments. 
Table XXX 
The Influence of RCG in!.!.!:2. llponthe Behavior or Slices .!l!. vitro 
CPM. Testosterone per 100 119 Protein 
Rabbits_Pretreated with HCG 
No. of No. of CPX Testo-
Rabbits Observations sterone 
(range) 
11 1,.397-5,612 
.lIp!;" gted ..B.alih~lt_s,",-__ 
No. of N,o. of CPM 
Rabbits Observations Testo ... 
s4r0. 
(range) 
22 30 0-836 
2 • Figure , shows the response of slices to e single iDtrJllle:aGU8 






























































Figure 5. The incresse in incorporation of acetate-l-Cl4 into 
testosterone in CPJI.[ per 100 mg protein above the 
pretreatment level, following a single intravenous 
injedtion of HCG. In ,¢ech case the bar represents 
the mean of three readings, slices from one rabbit 
being used for each set of readings. The range is 
indicated by I • 
I 
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3. Rabbits were pretreated with MeG subcutaneously on alternate 
days, being given three injections, the last injection two days 
before the experiment. The effect of FSH ad<ted .!!! vitro to slices 
from animals pretreated in this manner, is seen in Table XXXI. 
Table XXXI 
The Effect of FSH .!!! vitro on Slices of Rabbit Test is from Animals 
Pretreated with HOG in vivo. 
Experiment Pretreatment 
HCG I.U. 
74 500x2, 1000xl 
75 500x2, lOOOxl 




























* Pur~cin 100 ~g!ml added to this flask. 
4. The speeifieity of this response to FSH was indicated by 
the effect of growth hormone, plasma protein and eold testosterone, 










(con.tro1 as 100) 




Growth Hormone 1.0 10, 
Plasma Protein 1.0 102 
Testosterone 2.0 10, 
5. Table XXXIII shows the results of experiment s in vhf c:h FSH 





FSH CPM Testosterone Pretreatment 
BeG I.V. p--g-7~f~1-as"""'k-"""!ITr.i~m-e-o-f~lld~d~i~-- per 100 mg 




5.0 1, 1,300 
,.0 30 1,422 
,.0 60 1,,17 
,.0 90 1,623 
,OOx2, 100OX1 1,984 
10.0 zero 901 
10.0 30 921 
10.0 60 88h 
10.0 90 ,86 
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6. Tables XXXIV and XXXV show the effect of ICSH in vitro on 
slices of rabbit testis from animals pretreated with HCG. 
Table XXXIV 
Experiment Pretreatment ICSH Testosterone (slices 












Experiment Pret re stment ICSH Testosterone -sl ices 
RCG I.U. ]49/.f1ask CPM/100 rng protein 

















7. When pretreatment consisted of three injectIons each of 
500 I.U. of illi, doses of FSH (added l!! vitro), of 1 to 10 ~ per 
flask, caused complete failure of detectable incorporation of acetate 
.~---"''''' ... ~"~ 
into testosterone. 
8. Slices of testis from rabbits pretreated with FSH (5 mg x 3 
subcutaneously, spaced as in the case of HCG) in vivo, failed to 
14 incorporate acetate-l-e into testosterone with or vithout addition 
iB vitro of HOG in doses of 1 to ,0 units or of ICSH in doses of 
-4 10 .. to 10 pg per flask. 
9. Slices of rabbit test iscfrom animals pretreated with testo-
sterone (2.5 mg daily for 7 days) l!!!l!.2, failed to incorpcrate 
14 . .' 
.eet.te-l~ into testosterone ~ vitro with or without ICSH in 




These findings support the following conclusions:-
1& Pretreatment wIth RCG in vivos stimulates the rate ()f 
incorporatlon of acetate-1-Cl4 into testosterone by slices of testis 
.!!'! vitro. 
2. When pretreatment consists of three inj ections 500 I. U. df 
HOG each, slices· are capable of showing further stimulation w.ben 
ICSH is added.!!:! vitro, but when the pretreatment consists of 
two injections of 500 I.U. followed by one injection of 1000 I.U., 
no further response to ICSH !!! vit ro 1. seen. 
3. When pretreatment with HCG is followed by addU;, Ion of FSH 
14 in vitro, decrease in the rate of incorporation of acetate-l.e is 
seen. This decre.se is not significantly greater whether FSH is 
added at the beginning of incubation or a. late as 30 minutes before 
-_"_",< ,_ .... , __ -"""", #"_..+_~~"--"~.~., _o~,_'._~~ " 
it ends. The specificity of this response is show by the fact 
that growth hormone, plasma protein, ICSH and testosterone ere 
without such an effect. The inhibitory effect of FSH is not 
prevented by puromycin. 
4. PntriatlJlent of rabbits with F9{ renders slices of rabbit 
testis less responsive to ICSH in vitro. 
". - ..................... 
5. Pretreatment of rabbits with testosterone renders slices 
of rabbit testis less sensitive to ICSH l! vitro. 
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Section 4 
Loss of Potency of lCSH Sto.red in Aqueous Solut ion. 
Aims: 1. To comptare the response of slices of rabbit testis 
- , 
to three different preparations, of ICSH. 
2. To study the deterioration of ICSH kept in aqueou. 
solution. 
1. three preparations of sheep lOSH were available for testing 
(see page 96). The relative potencies of ICSH (Houston) and ICSH 
(NIH) had been ccmpared with Armour standard. LH #227-80, using the 
ventral prostate test in hypophysectomized rets and the Parlow 
ascorbic acid depletion tests (see page 96). In both tests ICSH 
(Houston) proved to be approximately tWice as potent as ICSH (NIH). 
The three preparations were compared at two concentrations in the 
present system, as shown in Table XXXVI (Experiment 77). Slices 
of testis for this experiment were obtaln.ed froll. one rabbit. 
Table XXXVI 
COmparison of Three Preparations of ICSH In vitro 
Preparation of ICSH Dose ].1g/£lask 'CPM Testosterone per 
100 lI.9 Protein 
Control 0 0 
NIH 10 ... 1 5,765 
Berkeley 10-1 7,982 
Houston 10-1 6,102 
NIH 10 : 12,022 
Berkeley 10 11,084 
Houston 10 9,862 
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2. The change in potency of solut ions of ICSH (NIH) with t!me 
is shown in Table XXXVII (Experiments ,8 and 80). Slices for each 
experiment were prepared from one rabbit. 
Table XXXVII 
Loss of Potency of ICSH in Aqueous Solution 
Method of Storage Time between Dose CPM Testosterone (solutions contained preparat ion of ~g per 100 mg 
10 ~g/m1 in each case) solution and per protein 
experiment (days) flask 
Solution in water 
kept at 200C 0 ,89 
10-1 3,000 
3 10-1 3,100 
8 10-1 2,800 
10 10-1 2,000 
16 10-1 1,600 
Fr?fen ~mmediaie1y 0 a er iS80 v ng. lOX 2,401 Kept at -12Oc; 
slowly thawed before 2, 10 
use 49 10 
XUnfrozen fresh solution. 
3. A ~o1e anterior pituitar.y gland from an adult male dog 
which had been frozen for 6 months was thawed, hcmogenized and 
the homogenate divided equally between four flasks containing 
slices of rabbit testiS, in the usual incubation medium. No 
- 14 incorporation of ecetate-l-C into testosterone was found, 
although slices of testis from the same animal responded to ICSH 
(10.1 ~g per flask). 
- 145 -
Conolusions 
ihese findings lead to the following conclusions:-
1. In the present system no significant difference In potency 
can be detected between ICSH (NIH), ICSH (Berkeley) and ICSH 
(Houston), in the two concentrations tested. 
2. While solutions of ICSH (NIH) in. water (1.0 ",g/m1) at 20°C 
do not show gross deterioration within 3 d~s, loss of potency may 
appear after 8 days. 
3. Frozen solutions of ICSH appear to lose potency after 
2S days. 
4. Prolonged freezing of anterior pitu!ta~ tissue appears 
to impair its gonadotrophic activity. 
On the basis of these findings, it was eons·idered that fresh 
solut Ions of ICSH shOuld be used in subsequent experiments and 
unused solution discarded. It was also decided to use fresh pituitaty 
tissue. 
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The Influence of ~pothalamic Tissue upon the Release of 
Gonadotrophic Hormones from Pituita~ Slices. 
!£!!: 1. To study the influence of homogenate of pitultar,y 
t issue upon the rete of lacorporat ien of acetate-1-C14 into 
testosterone by slices of rabbit test·i! .!!l vitro. 
2. To study the rate of release of gonadotrophic hormones 
from 81 ices of anterior pituitary gland with and without hypo-
thalamic tissue l!! vitro. 
3. T'O stu~ the influence of vasopressin on the release of 
goRadotrophich~rmones from slice. of anterior pitultar,y gland 
.!.n vitro. 
1. Table XXXVIII shews the influence of pituitary hQD10genate 
upon the rate of incorporation of aoetate-l~14 into testosterone 
by slices of rabbit testis in vitro. Incubation was performed 
:.; ..... 
~ 
under standard conditions. The whole anterior pituitar,y gland (42 
1I1g) of an adult male dog W2S homogenized and half of the result ing 
homogenate added to each'of two flasks containing slices of rabbit 
testis, in the usual medium. Slices from 'One rabbit We~ used in 
this experiment (Experiment 44). 
Pituitary tissue 














2. Table XXXIX shows the results of experiments in which slices 
of anterior pituita~ from 4 dogs were mixed and incubated with 
and without hypothalamic slices framone of the$e enimalso Incu-
batl,on lasted two hours; at the end of this time the pituitary slices 
were homogenized in Krebs-Ringer buffer (0.5 ml) and added to slices 
of rabbit testis in the usual medium. The medium. in which the pitul-
ta~ and hypothalamic slices had been incubated, was transferred to 
e flask containing slices of rabbit testis in the usual medium. In 
each case a second incubation of two hours duration was performed 
, 14 
aad the rate of incorporation of acetate-l-C into testosterone 
was measured. 
Table XXXIX 
* Pituite~ slices RvPothalemie slices Medium 
Site Ratio: mg mg Pituitary 





30 medium eminence 30 2.3 
30 supraoptic nucleus 5 4.0 
30 vent re1 median 
nucleus 30 3.5 
* c The ratio is fia1cu1ated on. the basis of the rate of incorpor-
ation of acetate-1-C1 into testosterone by slices of rabbit testis 
in the presence of the medium fr_ the first incubation, over that 
found in the presepce of the pituitary slices homogenized at the end 
of the first ineuhf!ltion. 
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3. Table XL shows the effect of vasopress ift upen the distri-
bution of gon~dotroP4.ic activity between pituitary slices BDd the 
surra.mding mediumo IacubatiOft of pitu~tary tissue with and wIthout 
vasopressin (0.1 units per f1~sk) was conducted for 2 hours and the 
gonadotrophic activity in slices and medium compared by means of 8 
second incubation with slices of rabbit testis endacetate-l-~l4 
as in 2 above. 
Table XL 
Pituitary slices Vasopressin Medium * 
mg/flask units/flask Rat io: Pltultaty 
20 0.35 
23 0.4 
20 0.1 0.38 
23 0.1 0.05 
* Calculated as in Table XXXIX. 
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Conclusions 
These findings suggest that:-
1. Homogenate of anterior pituitar,y tissue is capable of 
increasing the rate of incerporation of acetate-l~14 into 
testosterone by slices of rabbit testis l! vitro. 
2. Two hours of incubation of slices of aaterior pituita~ 
glaad Is accempan\ied by the release of gonadotrophic hormone from 
tt. pituitary- slices int. the surrounding medium. 
3. Slices of hypetha1emic tissue cause a significant increase 
in. the re1eese of gonadotrophift from slices of anterior pituItary 
tissue ~ vitro. 
4. Vasopressin In the dose 0.1 units was without detectable 
effect upon the release of gonadotrophin from slices of anterior 
pltuita~ tissue ~ vitro. 
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Section 6 
The Synthesis of Fatty ACids b,y Slices of Rabbit Testis. 
Aims: 10 To stu~ the fatty acid content of testicular and 
adrena 1 t i SBue s. 
2. To study the influence of ICSH upon the rate of 
14 incorporation of sodium acetate-I-e into fatty acids by slice. 
of rabbit testis. 
1. Slices of rabbit testis were incUbated in the system 
already described with sodium acetate-l-C14 as substrate, both 
with and without ICSH (10 pg per flask). Slice. of rabbit adrenal 
.4 
were pre incubated with glucose 3 mg in 3 III of Krebs-Ringer 
bicarbonate b~ffer, for onerour and then transferred to fresh 
buffer containiag the same amount of C14-1abe1ed acetate as the 
flasks used for testicular slices. The incubatioa lasted two 
hours and was performed with and without ACTH (, units per flask). 
Following incubation the slices of testis and adreRa1 were 
homogenized and extracted with ether. The water phase was then 
extracted for fatty acids (page 106). The ether extracts were 
studied for steroid content by paper chram.tography in 1igroin-
propylene glycol in the case et the test is ;md by the method of 
Peterson for the estimatIon of corticGsterone (1), 1ft the case of 
the adrenal. The fatty acid extracts were studied by gas chromatog-
raphy on an ethylene-glyce1-adipate column. The following fatty 
acids were isolated in the proportions sho~n: 
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Test is Adrenal 
Fatty Acid Ratio (oleate as 1) Fatty Acid Ratio (oleate as 1) 
Palmitate 2.9 Palmi'tate 3.0 
Palmi tole ate 0'.3 
Stearate 0.9 St.arate 2.2 
Oleate 1.0 Oleate 1.0 
No significant dlfferen~e was found between stimulated aAd. 
unstimulated testis or adrenal, either in the amount or the proportion. 
of the fatty acids isolated. The testicular slices showed increased 
incorporation of acetate-1-C14 iatctestosterone in the preseaoe of 
ICSH and the adrenal slice. showed greater incorporatloa of acetate-
1~14 into corticosterone in flasks containing ACTH. 
It was not possible for measurements of the specific activities 
of thea. fatty acids to be made. 
2. Slices of rabbit test is were incubated in the usual medi urn 
with and withoutICSH and fatty acids extracted from the water phase 













10 o 20 
Figure 6. '11le incorporat'ion of acetate_I_ell.. into fatty acids 
'by stilllUlated and unstimulate.dslices of rabbit 
testis. Stimulated slicessho~d an inc~sse in the 
output of testosterone in both rabbits. Eeeh bar 
represents the mean of three observatfons in e.ach 
case and the 1'8.Jlgeis indicated by I. 
- 1,.3 -
Conclusions 
1. Rabbit testicular tissue contains palmitic, palmito1eic,'stearic 
end oleic acids. Rabbit adrenal tissue contains palmitic, stearic 
and oleic acids. 
2. The rate of incorporation of sodium acetate-l-C14 into 
an uncharacterized fatty acid fraction is not appreciably 
altered by cGmcentrations of ICSH which stimulate the output of 
testosterone qy slices of rabbit testis. 
Reference 
1. Peterson, R. E. Plasma CorticQsteroae and Ha"drocorticosterone 
Levels in Han. J. Clin. End.ocrinology. 17:11,0,19,7. 
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Section 7 
The Influence of ~ridine Nuc1eotides, Cyclic AMP, Freezing, 
Glucose and Preincubation on the Incorporation of Acetate-1-C14 into 
Testosterone by Slices of Rabbit Testis. 
!l!!:' 1. To study the possible influence of pyridine nuc1eo-
tides on the activity of slices of rabbit testis in vitro. , 
2. To study the possible influence of cyclic AMP on 
the activity of slices of rabbit testis ~ vitro. 
3. To study the possible influence of: 
{a} freezing, 
(b) glucose end 
(c) preincubation on the activity of slices of rabbit testis 
!l1 vitro. 
-3 2 1. AddItion of TPN in concentrations between 10 M and 10- M 
-3 with and without a reducing system (glucose-6-F04 3 x 10 M and 
glucose-6-P04 dehydrogenase 50 ~g) was without demonstrable effect 
upon slices of rabbit testis; slices from the same animals responded 
to ICSH (10 ~g per flask). 
Addition of DPN and DPNH in "concentrations of 2.~5x10-~ and 5x10~ 
in each case, was without demonstrable effect upon the incorporation 
of acetate into testosterone by slices of rabbit testis; control slices 
responded td ICSH (10 pg per flask). Similarly, nicotinamide O.2M 
and freezing of slices for 10 minutes followed by addition of 
-3 2.5 x 10 M of TPN with the reducing system described above and 
incubation in the usual way, were both without demonstrable effect 
on slices of testis. 
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2. The results of experiments in which cyclic AMP was added 
to the medium containing slices of rabbit testis, ere shown in Table 
XLI (Experiments 46 sad 58)0 
Table XLI 
The Effect pf qyc1ic AMP on Slices of Testis ~ vitro 







3. The influence of freezing, of addition of glucose to 
the medium and of preincubation, on the activity of slices of 
rabbit testis la vitro, are shown in Table XLII. 
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Table XLII 
The Effects of Freezing, Glucose and Preincubation onthe Activity 
of Slices of Rabbit Testis 1£ vitro. 
Experiment Conditions Addition Testosterone 
66 Standard + 
Standard Icsii 10-3",9 
Slices md medium frozen for 10 
minutes, thawed, followed by 




Standard IC9! 10 p9 
Slices and medium frozen for 10 
minutes, thawed and incubated 
under standard conditions 
Slices and medium frozen for 10 
minutes, thawed, followed by 




Glucose (3 rng) added to medium 
One hour preincubatioa with sub-
strate, then addition of - - - - -
One hour preincubation with 
buffer only followed by addition 
of fresh buffer and - - - - - - -
One hour preincubation with sub-
strate, followed by addition of 
fresh buffer and - - - - - - - - -
Standard 
system 
ICSH 1 flg 
ICSH 1 ",g 
ICSH 1 ~g 
-ICSH 1 pg 
ICSH 1 J.\g 
Standard ICSH 1 ~g 
One hour preincubation with sUb-
strate, buffer and ICSH 1 qg 
followed by addit ion of - .. - - - - TPN 1.0x10-~ 
The same preincubation 









One hour preincubation with TPN 
(2.5x10-3M) and reducing system, 











+Standard conditions are those described on page 99. In each case, prein-




These findings lead to the following conclusions: 
1. In the concentrations studied, pyridine nuc1eot i des (oxidized 
or reduced) have failed to stimulate theincorporation of acetate-1-
C14 into testosterone by slices of rabbit testis !! vitro. Previous 
freezing of slices did not cause a response to the addition of 
reduced TPN. 
2. Cyclic AMP in con~ntrations of 10-3M temo1ar, did nct 
14 
stimulate the incorporation of acetate-1-e into testosterone by 
slices of rabbit testis in vitro. 
3. Brief freezing of slices of rabbit testis did net stimulate 
the incorporation of acetate-1-C14 into testosterone by slices of 
rabbit testis ~ Vitro, nor did such treatment alter the response to 
10-3 ~g ICSH. 
4. Glucose in the concentration of 1 mg per m1 did not alter 
the response of slices of rabbit testis to 1.0 ~g ICSH. 
5. P~incubation with acetate-1~14 did not affect the response 
of slices of rabbit testis ~ vitro to ICSH (1 pg per flask), whether 
the subsequent incubation was perf0rmed ia the same substrate and 
buffer or whether the slices were transferred to fresh medium. Pre-
incubation in buffer alone followed by addition of substrate and 
ICSH, appeared to cause a diminished response to ICSH. 
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Section 8 
Th~ Activity of a Subcellular Preparation of Testicular Tissue • 
.Aim: To study the act ivity of a homogen.ate of rabbit testis 
with respect to: 
1. Conversion of acetate, meva10nate and cholesterol to 
testosterone. 
2. Possible response te gonadotrophic hotmones. 
3. Possible influence of ICSH on the conversion of pregneno1one-
7~3 to testosterone. 
4. Possible influence of FSH on the cOftversien of cho1estero1-
4~14 to testosterone in animals pretreated with MeG l! vivo. 
1. Attempts to demoutrate the cOllvers ion of sodium acetate-
1-d-4 to testosterone by hernegenate of rabbit testis failed; the 
following conditions were tested: 
(a) Homogenate of testes from untreated animals. 
'(b) -4 5 -1 
.Addition of IeSH in doses of 10 to· x 10 pg per 
flask and FSH in doses of 5 rng per flask. 
(c) Homogenate of testes from rabbits pretreated with 
HOG (three subcutaneous inJectiens of 5co I.U. each according to the 
scheme described on page 86). 
(d) Slices of testis from untreated animals were preincu-
bated in buffer with ICSR (5 x 10-1 pq per flask) for one hour. The 
slices were then homogenized and added to acetate-1-Cl4 in fresh 
buffer. 
(e) Homogenate ef testes fran rabbits which had been 
given a single intravenous injection of HCG (3,000 I.U.), one hour 
before removal of the testes. 
- 159 -
(f) Whole homogenate of testes from untreated rabbits. 
In these experiments the medium and method of iacubation were 
as described on page 89<) Homogenates were centrifuged as described 
on page 87 , except in cases where ~0le homogenate was used~ Flasks 





G 1u cose -6-FO 4 
Glucose-6-F04 dehydrogenase 
HGmlogenate 
Phosphate buffer to a final volume of 3 m1 
1 x 1o-3M 
l.5xlO-~ 
l.5xlO-3M 
3 x 1o-3M 
50 }-\Q 
0.5 .1 
2. In the experiments described in 1, the total radioactivity 
found in the crude "cholesterol" fraction (page 111), was less than 
92 CPM above backgrwnd in every case. 
3. Attempts to demonstrate the conversion of mevalonate-2-C14 
and butyrate-l~14 to testosterone under the conditions enumerated 
in l,were uniformly without success. AddItion of extra TPN to a 
oencentration of 1.5 x 1o-2M per flask with either acetate-l-C14, 
mevalonate-2-C14 or butyrate-l-Cl4 as substrate failed to produce 
demonstrable incorporation of C14 into testosterene. 
4. Figure 7 shows the effect of a single intravenous injectian 
of HCG (2,000 I.U.) upon the rate of incorporation of cholesterol-4-
C14 into testosterone by homogenate of rabbit testis. The left testis 
was removed before injeotion and the right testis was removed one 
hour after injection. 
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Before injection of H 





Figure 7. The iftf1ueftce of 8 siftg1e ifttraveftous iajectioft of 
~YR (2,000 I.U.) i!!!!!, OB the cORversieR ef cholesterol-h-
e to testosterone by homage.ate of rabbit testis. Each bar 
represents the mesn of duplicate flasks, the range being indi-
cated by I. 
5. Homogenate of rabbit testis from which cell debris was removed 
by centrifugation at 650 x g for 15 miautes, proved capable of cOftvertiag 
cholesterol-4-c14 to testosteroae as shown ift Table XLIII. 
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Table XLIII 
The ~nversioft of Cho1esterol-4-C14 to Testosterone by Homogenate 
of Rabbit Testis. 
!Cho1esterol ICSH FSH Testosterone 



















5 x io-2 



























.. Versene and cysteine were omitted from the buffer in which the 
homogenate was prepered. 
* Nicotinamide was omitted from the medium in Which the homogenate 
was prepared. 
6. Teb1e XLIV shows the effect of FSH in vitro upon the conversioft 
of Cho1esterol-4-c14 to testosterone by homogenate of testes from 
rabbits treated with HCG (two injectiorls of 500 I.U. each and one of 




















7. Table XLV shows the effect of adding TPN (with a reducing 
system) and cyclic AMP to e homogenate of rabbit testis, upon its 
capacity to convert cholesterol-4-C14 to testosterone. 
Table XLV 
Cholesterol TPN* Cyclic AMP Testosterone Experiment Weight Specific activity 
Cpg/flask) (pc/pg) CPM 
79 60 25 825 
5 -3 
762 
2. xlO 3M 2,970 
2.5xlO- M 3,194 
100 60 25 975 
- -3 867 1.oxlO 3M 3,208 
2.5xlO-3M 3,478 
2.5xlO-3M 3,445 5 .. 0xlO- M 2,132 
46 16 50 1.5xlO:§~ - 524 
1.5x10 l. 1.OxlO-3M 427 
1.5xlO-3M 5.0xlO-3M 468 
* All flasks contained glucose-6-phosphate 3xlO-3~ and ,gl ucose -6-
phosphate dehydrogenase So ~g. 
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8. In experiment 79 it was further shown that ICSH in doses 
of 1.0 and 10 pg per flask, did not increase the rate of conversion 
14 
of cholestero1=4..JC to testosterone. 
9. The identity of the radi0sct lve material iso1::ated in these 
experiments wes established as followst 
(9) The radioactive compound and the carrier testosterone 
moved the same distance in the paper chromatographIc systems ligroia-
prop,ylene glycol and hexane-benzene -formamide. 
(b) Acetylation followed b,y paper chromatography in hexene-
benzene-formamide, revealed that the acetylated r~dioactive compound 
behaved in the same way as testosterone acetate. 
(c) Oxidation by chromic acid, follo~d by cnromatography 
in hexane-benzene-formamide, showed that the oxidized radioactive 
compound behaved in the sane way as androstenedione. 
(d) T~ble XLVI shows the result of rec~sta1lization of 
testosterone, testosterone acetate and androstenedione eluted from 
the chromatograms described in (a), (b) and (c) above. 
10. The conversion of ~5-pregneno1one-7-H3 to testosterone by 
homogenate of testis with and without ICSH is shown in Table XLVII. 
The identity of the tritiated compound as testosterone was 
indicated by: 
(a) the fact that it behaved in the seme manner as carrier 
testosterone on paper chromatography in the system 1igroin-prcpylene 
glycol and 
(b) that the acetate behaved as testosterone acetate in hexane-
benzene-formamide. 
Table XLVI 
Recrystallization of Testosterone, Testosterone Acetate and Androstenedione 
Testosterone Testosterone Acetate Androstenedione 
~ D~ D~ 
RecEYsta11ization Solvent per mg Recrystallization Solvent per mg Rec;ystallization Solvent per mg 
Original mixture Methanol 130 Original mixture Methanol 174 Original mixture Methanol 160 
1st Ethanol 100 1st Acetone 148 1st Ethanol 112 I-" 
0"-
2nd Acetone 91 2nd Ethanol 142 2nd Acetone 116 P'" 
3rd lIIethanol 88 3rd Acetone 146 3rd Benzene 114 
4th Benzene 94 4th Methanol 140 4th Ethanol 109 
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Teble XLVII 
Conversion of Pregnenolone-7-H3 to Testosterone by Homogenate of Testis 
Pregneno1one-7-H3 
Experiment Weinht Specific Act ivity ICSH CPM CPJI 
Cpg/flask) J.1c/mg pg/f1ask Testosterone Testosterone 
Acetate 
51 0 • .5 600 - 2,634 
0.5 600 10-3 3,21Jj 
2 • .5 600 7,924 
2.5 600 10-3 7,499 
.54 0.5 600 2,049 
0.5 600 10-1 2,770 
2.5 600 7,809 
2.5 600 10-1 6,125 
56 0.5 600 3,033 
0.5 600 1.0 4,413 
0.5 600 6,268 
0.5 600 1.0 8,389 ;, 
1.25 600 20,342 
1.25 600 1.0 18,347 
2.5 600 35,118 
2.5 600 1.0 32,540 
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In Experiments 51 and 54 acetylation was performed to assist in 
identIfying the tritiated compound; the acetate was counted in the 
liquid scintillation counter after chrom2tography in hexene-benzene-
formamide. In Experiment 56 duplicate specimens were counted as 
testosterone in the liquid scintillation counter, to see whether 
losses during acetylation had obscured a significant difference 
between stimulated and unstimulated homogenate. 
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Conc Ius ions 
These findings lead to the following conclusions: 
Iv Homogenate of rabbit testis is capable of converting 
cholesterol-4~14 to testosterone but neither sodium acetate-l-C14 
ner sodium mevalonate-2~14 nor sodium butyrate-l-C14 was converted 
to testosterone. 
2. Neither stimulation In !!!! with HOG, nor addition of gonado-
trophic hormones l!~, nor preincubation of slices with ICSH, caused 
homogenate of rabbit testis to convert acetate-l-C14 or mevalonate-2~Cl4 
to testosterone. Tenfold increase in the concentration of TPNH 
added to the hanogenate did not cause incerporation of these substrates 
into testosterone. 
3. Neither stimulation in vivo with HOG nor addition in vitro 
-- ---
of gonadotrophic hormones to homogenate of rabbit testis caused 
stimulation of the rate of conversion of cholesterol-4-e14 to 
testosterone. Omission of versene and qysteine or of nicotininamide, 
did not affect the activity of a testicular homogenate. 
4. FSH.!! vitro did not ca~se inhibition of the rate of conversion 
of cholesterol-4-cl4 to testosterone by homogenate of rabbit testis 
frem animels pretreated with HOG ~ ~. 
5. Cyclic AMP did not enhance the rate of conversion of cnolesterol-
4~14 to testosterone by homogenate of rabbit testis. 
6. Additien of TPN and a reducing system enhanced the rate of 
conversion of dhelesterol-4~14 to testosterone by homogenate of 
rabbit I testis. 
7. The identity of the testosterone synthesized in these experiments 
hes been established by the chromatographic behavior and by the rec~stel-
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llzetlon to constant specific activity of the original cempound and 
of two derivatives. 
8. Hamogenate of rabbit testis converted ~ _5 pregnenolone-7-H3 
to testosterone but addition of ICSH !! vitro did not stimulate the 
rate of this conversion. 
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Section 9 
The Effect of Gonadotrophic Hormones on the Permeability of 
Testicular cells. 
Aim: To stuqy the possible influeBce of ]cSH and FSH upon 
the pe~eability of testicular cells !! vitro. 
1. Table XLVIII shows the results Qf experiments in which the 
usual inCUbation of slices of rabbit testis was performed in thl 
presence of D-xylose-l-C14, but withoutacetate-l-C14• The results 
are expressed as counts per minute per 100 mg dry weight of tiss~. 
The 51 ices were washed to remove adherent D-xylose end the radie-
activity extracted by boiling the slices was considered to reflect 
the amount of D-xylose-I~14 which had entered the cells (page 107). 
2. Teble XLIX shows the result of a similar experiment using 
14 .. 14 OC'-aminoisobutyric acid-l...tC instead of D-xylose-l-C • 
In these experiments the tissue remaining after extrsctiGn with 
boiling water was dried st 120°C and cotUllted in the liquid scintillation 
counter. In each case the total radioactivity was less than 50 counts 
per minute shove background, indicatiag that the boiling water 





of Gonadotrophins on the Pemeabi1ity of Test ieu1er Cells to D-xy1ose-
Experiment 14 Durst ion of FSH ICSH CPM/100 m9 dry ~ 7ffi1ose-1-C 
)19 flask }1C7u9 Incubation P9/f1ask P9/flask weight of tissue 
78 0.5 4.1x10-3 2 hours 287 
0.5 4.1x10-3 2 hours 100 294 
5 4.1x10-3 2 hours 963 
5 4.1x10-3 2 hours 100 2,138 
50 4.1xlO-3 2 hours 8,992 
50 4.1x10-3 2 hours 100 10,500 
50 4.1x10-3 2 hours 25 5,335 
50 4.1x10-3 2 hours 100 5,428 
81 150 4.lx10-3 zero time 4,815 
150 4.1x10-3 zero time 25 4,985 
150 -3 10 minutes 8,,940 4.1x10 
150 4.1x10-3 10 minutes 25 10,410 
150 ·4.1x10-3 2 hours 45,825 
150 4.1x10-3 2 hours 25 50,640 
150 4.1x10-3 2 hours 42,555 
150 4.1x10-3 2 hours 10 59,355 
150 -3 2 hours 25 43,200 4.1;x:10 





Slices OJ 150 2 hours 30,560 
rabbit 150 4.1x10-j 2 hours 2,5 31,680 
kidney 150 4.1x10- . 2 hours 25 28,725 
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Tam1e XLIX 
The Effect of Gonad~hrophins on the Penne~bi1 tty of Test lcu1ar Cells to -<. -amino-
isobutyric acid-1~ : 
Experiment -amino isobutyric acid-1-c14 Time of FSH ICSH CPM/100 rng dry 
pg/f1ask JUc/ug incubat ion )l9/f1ask pg/f1ask we ight of 
tissue 
88 150 0.028 zero time 3,536 
150 0.028 zero time 25 3,520 
150 0.028 zero time 25 2",808 
150 0.028 5 minutes 7,096 
150 0.028 5 minutes 25 6,862 
150 0.028 5 minutes 25 5,700 
150 0.028 15 minutes 16,436 
150 0.028 15· minutes 25 19,932 
150 0.028 15 minutes 25 17,496 
150 0.028 45 minutes 26,208 
150 0.028 45 minutes 25 24,532 
150 0.028 45 minutes 25 23,808 
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Conclusion 
These findings lead to the conclusion that under the c~nditions 
tested, ICSH and FSH have not been shown to exert a significant and 
reproducible effect upon the transport of D-xy1ose-1-C14 or oG-amino-
isobutyric acid-l~14 into the cells of the testis. 
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Section 10 
The Role of P~tein Synthesis in the Response of Slices of 
Test is to ICSH. 
Aims: 1. To stu~ the influence of inhibitors of protein 
synthesis on the response of testicular slices to ICSH l! vitro. 
2. To study the inn aence of Puromycin, administered.!!. 
~, upon the. response of the test is to HOO l.!! vivo. 
3. To study the effect of HOO and lCSH .!!. !l!! upon 
th! rate of incorporation of labeled amino acids into protein by 
slices of rabbit testis in vitro. 
4. To study the effect of lCSH upon the rate of inco r-
poration of labeled amino acids into protein by slices of rabbit 
test is .!!l !li!.2. 
1. Table L shows the results of experiment s in whi ch chlor-
amphemicol and puromycin were added to slices of rabbit testis 
incubated with and without leSH. (Experiments 47,58,80,82,95). 
2. Table LI shows the result of an experiment in. which 
puromycin and chloramphemicol were added to slices of rabbit testis 
from til rabbit pretreated with HCG in!l!! (Experiment 82). 
3. In Experiment 87 two rabbits were anesthetized and the left 
testis of each removed and slices were inCUbated with sodium acetete-
l-C14 in the usual system. Rabbit A was given a single intravenous 
injection of HeG (1,000 I.U.), rabbit B was given puromycin (100 mg 
per kg body weight) intravenously, followed by HOG (1,000 I.U.). One 
hour later the right testis was removed from each rabbit end slices 
were inCubated as before. The mean production of labeled testosterone 
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Table 1... 
The Influence of Ch1oramphemico1 and Puromycin upon the Response 




















































x The iacrease in incorporation of Qcetate-1-C14 into testesterone 
above the control (unstimulated) level, caused by the addition of ICSH 
is expressed as 100. 
HOG Pretreatment 
I.U. 





























above the control level following injection, was for rabbit A 8,924 
CPM per 100 mg protein and 3,541 for rabbit B. 
4~ Figure 8 shows the results of experiments in which the rate 
of incorporation of tr,yptophan-1LC14 into protein was measured before 
and after injection of Hen. 
600 -
Before injection of HOG 
500 - After injection of HOG 
Puro~cin 100 qg!ml 
400 -





incubation 10 minutes 20 minutes 20 minutes 20 minutes 
Duration of 
H03 treatment 60 minutes 60 minutes 60 minutes 3 days 
Figure 8. Incorporation of t~ptophan-l'-C14into pxotein before and after 
stimulation with HOG. T~atment in vivo for 60 minutes was achieved by a 
single intravenous injection of HCG-rI;OOO I.U.), immediately after removal 
of the control testis. Treatment for 3 days was achieved by three daily 
subcutaneous injeotiens of HOG (1,000 I.U. each), the first beiag given 
immediately after removal of the oontrol testis and the third being given 
24 hours before removal of the second testis. Figures in brackets indicate 
the number of animals used. Each bar represents the mean of L,4flasks f~m 
eech animal and the range is indicated by I. Tryptophan-l'-C1 2 • .3xlO-4 
mMoles was added to each flask (specific activity 3.8mc per mMole). The 
word "protein" is used to describe the material preeipitated by TCA under 





,. Stimulation ~ !l!2 for 3 and 10 minute intervals by means 
of a single intravenous injection of HaG (1,000 I.U.) produced no 
significant change in the rate of incorporation of t~ptophan into 
protein. 
6. Figure 9 shows the influence of ICSH in vivs on the rate 
--
of incorporation of tr,yptophan-1 t -C14 into protein by slices of 
rabbit testis ~ vitro. 
600 .. Before inject ion of ROO 
After inject ien of RCG 
~ 500-~ Puromycin 100 "lg/JIll 
O'l 
S 










HeG Treatment 1 Hour 2 Hours 3 Days 
Figure 9. Incorporation of t~tophan-lt-C14 into protein before and 
after treatment with ICSH. Treatment in vivo for one and two hours was 
by means of a single intravenous injection; treatment for 3 days followed 
the method given in the caption to figure 8, except that the dose of ICSH 
was 1 rng for each injection. Experimental details and method of presenting 
data are exactly as for figure 8, except that in ever,y case incubation was 
for 20 minutes. 
7. In the experiment involving treatment with ICSH for one hour re-
ported in figure 9, the rate of incorporation of tr,yptophan-1 1-C14 into 





















8. Figure 10 shows the results of experiments in ~ich incor-
poration of valine-l-c14 into protein by slices of rabbit testis 
with and without ICSH in vitro was studied. 
Rabbit B 
800 - T 
T 













100 - t 
r+ 
.J.. 
ICSH ().lg/f1ask) a 10 0' 10-1 1.0 10 o 1.0 
Figure 10. Incorporation of ve1ine-l_C14 into protein by slices 
of rabbit testis ~ vitro, with and without ICSH. InlRbatio~4 
lasted 20 minutes and each flask contained valine-l-C 2xlO 
mMoles (specific activity 6 me per mMole). Eech bar represents 
the mean of duplicate flasks, the range is indicated by I. 
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9. Table LIl shows the influence of ICSH upon the incorporation 
of tryptophan-l r _C14 into protein by 51 ices of rabbit test is l!!. vitro. 
Incubat ion was for 20 minutes and to each flask tryptophan-l'-C14 
2.3 x 10-4 mM (specific activity 3.8 mc per mMo1e) was added. 
Table UI 
The Effect of ICSH Added .!!! vitro upon Incorporation of TryPtoPhan_'1-c14 
into Protein by Slices of Rabbit Testis. 
ICSH Puromycin CPM/mg 





10 100 82 
In this experiment slices of kidney showd no signif~cant change 
in incorporation of tryptophan-l t .. c14 into protein in the presence 
of ICSH. Also slices of testis showed no significant change in 
incorporation in the presence of ACTH (14 units per flask). 
10. In the experiments reported in this section, the figures 
expressed as CPM per mg prote in are the me ens of dup1 icate readings. 
In each case the TCA precipitable material was plated in duplicate 
and the difference between duplicates was less than 10 per cent. 
11. In the experiments reported in 4, S, 6, 8 and 9 above, 
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in cub at ion of sl ices from each animal with acetate-l-C14 in separate 
flasks, was performed and revealed an increase in the incorporation 
of acetate",l .... 'C14 into testosterone by slices exposed to the action 
of the gonadotrophic hormones ~ ~ or ~ vitro in each case. Table 
llII shows this response in the case of'experiments reported above 
in 6. 
Table UII 
14 The Incorporation of Acetate-1-C into Testosterone by Slices 
of Testis from Rabbits Pretreated with ICSH. 





CPM above unstimulated level 






These findings support the following conclusions: 
1. Pur~cin in concentrations of 50 ~g per m1 and chloramphemicol 
in concentrations of 100 1.\9 per ml, completely inhibit the response of' 
slices of testis to ICSH in vitro. 
_ ......... -
2. Puromycin and chloramphemicol in concentrations of 100 ug per 
ml ~ vitro does not impair the response of slices of rabbit testis 
to previClls stimulation by HeG .!!! vivo. 
3. Puromycin.!!!. ti.!.! (100 mg per kg body weight) did not abolish 
the response of testis to MeG given as a single intravenous injection. 
4. Hen administered in. !l!2. for periods of 1 hour to 3 days 
caused a significant increase in the rate of incorporation of 
t~ephan-l,~14 into protein by slices of rabbit testis ~ vitro. 
5. ICSH administered.!!!. y.!.y! for periods of 1 hour to 3 days 
caused a significant increase in the rate of Incorporation of t~pto­
phan-l l -C14 into protein by slices of rabbit testis i! vitro. 
6. ICSH 1!!. ~ caused a significant increase in the rate of 
V~~clllrpGration of valine-I-ell! into protein by 'slices of rabbit 
testis in deses of 10.1 to 10 ~ per flask. A less striking effect 
was seen in the case of tr,yptophan-l l .C14• 
7. That incorporation of amino acids into protein was being 
measured in these experiments was supported by the decrease in specific 
activity of TCA precipitable material seen when puromycin was added 
.!!l vitro. 
8. The specificity of these responses to HOG and ICSH was indi-
cated by failure of slices of testis to respond to ACTH and by failure 
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of slices of kidney to respond to ICSH. 
9. A single intravenous injectien of ICSH (1 mg) caused increase 
in the rate of incorporation of acetate=1=C14 into testosterone by 
slices of testis prepared one hour after injection. 
c: 
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Sect ion 11 
The Influence ofICSH upon the Rate of Incorporatien of Acetate 
into Terpene Alcohols by Slices of Rabbit Testis in vitro. 
Figure 11 shows the results of experiments in which the rate of 
incorporation of sodium acetate-1-C14 into terpene alcohols ~ vitro 
was studied with and without ICSH. The terpene alcohols were extracted 
as the so-called "acid-labile fraction" (page 109) following saponi-
fication and ether extraction. 
10,000 -
~1IIIf"IPI Without ICSH 
.... ..-













~.a.w With ICSH 
Rabbit A Rabbit B Rabbit c Rabbit D 
(For caption see page 183) 
- 183 -
Figure II. The incorporBtion of acetate-l.c14 into terpene alcohols 
by slices of rabbit testiso Incubation was performed under standard 
conditions (page 99) and ICSH (10 pg per flask) was add~d to appro-
priate flasks. In each case a bar represents the mean of 4 flasks, 
the range being indicated by I. In each rabbit the usual isolation 
of radioactive testosterone was performed and slices were shown to 
have incorporated more acetate-1-C into testosterone in the presence 
of ICSH than in its absence. 
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Conclusicn 
These findings indicate that ICSH causes a decrease in the amount 
14 
of acetate-l-C incorporated into terpene alcohols by slices of 
rabbit testis ~ vitro. 
Otept.er IV 
DISCUSSION 
It will be assumed from the first ~ection of the experimental 
findings, that an effect l!vltro of ICSH upon slices of rabbit 
testis has been established and consistently repeated. It will 
also be assumed that this effect is, at least in part, expressed 
as an increase in the rate at Which acetate-l-C14 is incorporated 
I into testosterone. Moreover, this decisive stimulation by ICSH 
indicates that directly or indirectly, the trophic hormone is 
capable of increasing the rate of steroid biosynthesis over the 
lib.le pathway from acetate to testosterone • 
. ' Furthermore, it will be assumed that the biosynthesis of 
testosterone in the testis is confined t. the L~ydig cells; the 
evidence for this assumption has been reviewed in detail (1,2). 
However, it is net possible at present to exclude the possibility 
that small amounts of androgen are secreted within the seminiferous 
tubules. Nevertheless, this possibility, for which there is no 
di reet evidence, will be ignored in the present chapter. Since the 
synthesis of testosterone is largely confined to the Leydig cells, 
it is necessa~ to interpret the experiments of Chapter III 
accordingly, for these experiments have measured the activity of a 
few cells within a mass of inactive tissue. Various attempts have 
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been made to estimate the relative volume of the testis occupied 
by Leydig cells. Bascom and Ostered, in a careful study of several 
species, reported that the total interstitial tissue (blood vessels, 
fibrous tissue ard Leydig cells) occupies between 3 an.d 10 per cent 
of the volume of the testis in the guinea pig (3). Slotopo1sky and 
Schinz found Leydig cells to occupy 12 per ceat of the volume $f 
the human testis (4). The relative weight of Leydig cells is net 
accurately known. 
It will further be assumed that the effect described is peculiar 
to gonadotrophic hormones, since other pituitar,y hormones are without 
effect in comparable concentratiens. No final opinion can be expressed 
as to whether the capacity to stimulate incorporatie • • f' acetate 
into testosterone is confined to ICSH or is shared (unequally) by 
both gonadotrophic hormones. Since there can be no proof that 
either of the hormones used existed in a state of "absolute" purity 
;...-' 
~ since bioassay can exclude only one part of ICSH in 6,000 parts 
of FSH (see page 95) and since a response has been obtained to as 
-4 little as 10 pg of ICSH, it seems more logical to conclude that 
the preparat ions of FSH used were not ent ire1y free of IC!Xi. Since 
the lowest dose of FSH to which a response was obtained was 10-3 ~g 
(see page 132), it remains possible that contamination of FSH with 
traces of ICSH not detectable by bioass~, may account for the response 
observed to FSH. It will be considered that such contamination exists 
until proof to the contrar,y is obtained. 
The experiments reported in Chapter III (Section 2), in which 
incorporation of acetete-1-C14 into testosterone was not found follow-
ing the procedures of freezing at zero time or heating at 40°C for 30 
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minutes, suggest that the respense measured in other experiments 
requires the activity of living cells. 
If the capacity to stimulate the rate ef incorporattOR of 
Ecetate into testosterone is a property peculiar te ICSH, it 
remains to be decided whether FSH CaR act as a synergist by 
allowing lower coftcentrations of ICSH to cause such st imulattoD 
than would otherwise be possible. It is clearly impossible to 
exclude synergism by means of the available data, since in the living 
animal the testis is subjected to the action.of an unknown end 
perhaps variable concentration and mixture of gonadotrophins and 
the nature of this mixture may affect the behavior of slices incu-
bated m vitro. In experiments in which the two hormones were, added 
together, no evidence of synergism was revealed. However, in Exper-
iment 57, preincubat'ion with a subthreshold concentration of either 
hormone, followed by addition of a subthreshold concentration of the 
other hormone, apparently produced a syner.gistic effect. Again, 
however, until the possibility of contaminati~n can be excluded, 
synergism must be regarded BS an unconfirmed possibility. 
Vhi le the existence of an act ion of ICSH .!!l vit'ro can be 
regarded as established, the measurement of this response presents 
serious difficulties. The experimental data clearly indicate that 
the concentration of ICSH added in vitro does not bear a linear 
relet iGmshi p to the response (Sect ion 2'~"). The causes of thi s 
+ The sources of data mentioned in this chapter will be indicated by 
the section of Chapter III from which they are taken and will appear 
in the text in parentheses without the chapter number. 
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irregularity in the response are of two types, namely chemical and 
biological. Chemical causes include variable recovery of testo-
sterone (56 to 71 per cent) and the impurity of the isolated testo'-' 
sterone revealed by recrysta1lizatieu and gas chromatography. 
Biological causes for the irregularity of the observed response 
are indicated by the variable rate of incorporation of acetate-1-Cl4 
into testosterone by unstimulated slices and by variation in the' 
response of slioos from different animals. These variations impose 
two limitations upon the design of the present experiments and upon 
their interpretation. Firstly, only gross differences in the res~onse 
of slices can be regarded as significant and secondly slices from one 
rabbit can be compared only with slices from.t~e same animal. 
In connection with the variable response to ICSH by slices, 
the observations made earlier concerning the small contribution of 
the Leydig cells to the total mass of the testiS, are relevant. It is 
likely that the amount ef Leydig cell tissue in a given weight of 
testis, varies from slice to slice. 
In the present experiments sheep ICSH and human chorionic 
gonadotrophin have been used t. stimulate rabbit testes. Recent 
studies by Knob!l and Josimovich indicate that ICSH frGm species 
other than primates (sheep and horse) are active in the hypophy- , 
sectomized male rhesus monkey and that human ICSH is active in the 
seme species of monkey (5). The ruthors presert evidence for certain 
quantitative differences between the efficacy ef the human and the 
sub-primate preparatioftS. Since the experiments reported in Chapter 
III were all performed with sheep ICSH an4·rabbit testis, such 
quantitative variation has been excluded between ORe experiment and 
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another. Moreover, these experiments indicate'that the lack of 
species specificity reported by Knobil and J osimovich is also seen 
among sub-primate species. 
TIle first clue "Which the present data offer as regards mechanism 
of action of ICSH, is the observat ion that the hormone can produce the 
same response from slices of testis in vItro, whether it is administered 
l!l Y.!!.2 or added in~. In other woros, some change can be produced 
in!i!2, within one hour of an intravenous injection, which produces 
an effect 1l!. vitro without further stimulation. Moreover, whea HCG 
is administered subcutaneously, this change persists for at least 
two days following the last injection (Section 3). 
These observations lead naturally to the question of what the 
Leydig cell needs in order to incorporate acetate into testosterone. 
The answer may be given as' follows: 
1. Acetate. 
2. The approprIate enzymes in active form. 
3. The necessary cofactors in the required form. 
4. A geometrIcal arrangement of these subst~nces within the 
cell, such that the appropriate factors are present at the required 
time and in the appropriate part of the cell. 
It is helpful to consider how a trophic hormone might influence 
these requirements. 
1. It could enhance the availability o;f acetate to the celt. 
2. It could make cofactors available to the cell. 
3. It could affect the state of av~ilable cofactors. 
4. It could make one or more enzYmes more freely available 
by synt~sis or activation. 
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5. It might affect the geometrical dispesition of the required 
factors within the cell. 
6~ The hormone could ex.rt more than OM effect" 
If ICSH acted by m,aking acetate available t. the cell, the 
hormone would presumably cause a specific stimu1atioR of transport 
of this substrate acress the cell membrane. Howver, IC91 administered 
~!1!!, can stimulate the incerporation of acetate-1-C14 inte testo-
sterone in vitro 24 hours after the last injection or one hour after 
a single intravenous injection (Sectien 10). It might be argued 
that' intense stimulatieR in vivo would cause the cell to become 
f1 ooded with unlabeled acetate and increase in the uptake of 
acetate-l-C14 l!! !it£! would net be expected. Moreover ICSH does 
not stimulate the rate of incorporation of acetate-1-C14 into fatty 
acids (Section 6), se that there is no evidence of increased disposal 
ar absorbed acetate into pathw~s Gther thaa'steroid synthesis 
(although ether possible rentes of disposal were not tested). 
However, it is possible to cenceive that ICSH enhaaces the permea-
bility of Leydig cells t. acetate _ithout caUSing saturatioR at any 
one time. How much of the acetate used in steroid biosyathesis in!!!!.. 
enters the cell from without and how much is derived from en.dogenous 
metabolism, is unknown and a possible influence of ICSH upon the 
intracellular distribution of acetate cannot be excluded. 
Since stimulation of the rate of ineorporatioA of acetate into 
testosterone can be demonstrated in a medium consisting of Krebs-
Ringer bicarbenate buffer end acetate, the only other factors suscep. 
tible to enhanced permeability are inorganic ions. It is true that 
divalent metal ions are required fer the activity of enzymes concerned 
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in steroid biosynthesis (25) but there is 1\0 evidence that intra-
cellular concentrations of such iens are rate-limiting in the synthe-
sis of testosterone, 
In Section 9 of Chapter III it was seen that under the condi-
tions tested, ICSH Shewed no censi$tent effect upon the equilibration 
of D-xy10se-1-C14 oro(-aminoisobutyric acid-1-C14 across the cell 
membranes of testicular slices. Since these stibstaDces are not 
significantly metabolized by mammalian tIssues, they have been used 
as model compounds for the study of membrane transport (6,9). D-
xylose wruld be expected to reflect the behaviour of sugars and has 
been used fer this purpose in the study of the action of insulin (6). 
On the other hMd, ot.. -amin.oisobutyric acid has . been similarly 
employed as a model for the behaviour of amino acids (9). 
In keeping with the failure of ICSH to enhance the transpo~ of 
~xy1ose into testicular cells, is'th~ finding that glucose does not 
enhance the response of slices of testis to ICSH (Section 7), sol 
that the hormone is not likely to act by promoting the abscrptloh 
of sugars from the incubation medium. On the other hand, glucose has 
been shewn te enhance the response of the adrenal cortex to Acr'H (11) 
and it has not been possible to show that ACTH affects the transport 
or ~xy1ose across the membranes of adrenal cells in vitro (8). 
,< 
Hechter and coworkers were able to show that the penetrat ien of D-
xylose into the adrenal cells of hypophysectomized rats was enhanced 
by injection of ACTH in Y..!:!.2 (7). However, the same group was unable 
to demonstrate aa effect in vitro using slices which shewed increased 
corticostereid production in the presence of ACTH (8). It is, there-
fere, likely that the effect demonstrated in vivo is not specifib, 
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and that the respense to ACTH ~ vitro (increased steroid production), 
cannot be attributed to enhanced transport of glucose, although this 
possibility cannot be entirely excluded since D-xy1ose may not 
reflect the behavior of glucose in the case of the response of the 
at renal to ACI'H. 
In the case of the adrenal gl and it has also been shown that 
freezing prevents slices from responding to ACTH but enhances their 
response to TPNH (10) and that calcium ions;U.&c(' increase the response 
to ACTH (10). Although it might be supposed that freezing alters 
the permeability of the adrenal cells, it has been shown that freez-
ing also stimulates adrenal homogenates (10). By cGntrast, freezing 
of slices of testis does not affect the response to ICSH nor does 
freezing enable reduced TPN te stimulate the rate of incorporation 
14 ~ 
of acetate-1-C into testosterone., filer GgeS ttreezing by itself, 
stimulate incorporation of acetate-1-C14 into testosterone (Section 7). 
While the testis differs from the adrenal in response to the 
stimu1 i ment i med, homogenates of both organs show an increase in 
steroid production in the presence of reduced TPN (Section 8). In 
this respect the testis differs from beef corpus 1uteum, slices of 
which respond to rPm and to TPNH (12). Slices of testis failed to 
respond to oxidized or to reduced TPN in concentrations of frGll lO-3M 
to 5 x 10-3M (Section 7). Similarly, slices of testis do not respond 
to nPN or to DPNH, each being added in c$ncentrationsof from 10-3M 
to 5 x lO-3M• Three explanations for the failure of slices of testis 
to respond to reduced TPN cen be offered, namely: 
(i) Leydig cells differ from luteal cells in not being permeable 
to TPNH. 
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(ii) The germinal epithelium of the testi~being present in 
much "greater quantity than the Leydig cells, is capable of removing 
much of the available TPNH present in the medium. 
(iii) Ift the whole cell, the tetal concentration of TPN or the 
proportion present in the reduced form, are not rate-limiting in 
steroid bi.synthesis. 
On the ather hand, reduced TPN stimulates the conversion of 
cholesterol-4-C14 to testosterone by a homogenate of test is (Sect ion 8). 
If the intracellular concentration of TPN or of the proportion present 
in the reduced form· is rate-limiting for steroid biosynthesis, one 
wauld expect reduced TPN to stimulate the conversion of acetate-l-C14, 
mevalonate-2-C14 and butyrate-l--c14 to testosterone by a homogenate. 
Yet, in the presence of 1.5 x 10-2M reduced TPN, no incorporation 
of these substrates into testosterone was detected. This concentration 
is ten times as great as that used by Bucher !i !l. to briftg about the 
biosynthesis of cholesterol from acetate by homogenate of liver (13). 
This objection can be met by arguments based upon the existence of 
intracellular compartmeRts. It may be supposed that in the testis, 
TPNH is rate-limiting for one or more steps before cholesterol and 
that these steps are isolated in cempartments which are not destroyed 
by the process of homogenization used in these experimeats and Which 
are denied free access t. the general pool of reduced TPN within the 
hom.genate. Alternatively such cempartments may contain Sufficient 
TPN but following homogenization, may be beyond the reach of mechanisms 
required for its reductien. 
Again, it can be argued that some intermediate between acetate 
and cholesterol may be formed, but may become fJlcst" in the homogenate 
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and unable to find the appropriate enzyme for which it acts as sub-
strate. In the whole cell, such an intermediate will be formed at 
a site Which places it c1.se ·t. the required enz,yme, this arrangement 
will be lost in a subcellular preparation. Such a concept gains 
force from the fact that the coatents of the Leydig cells will be 
greatly diluted by the centents of the germinal cells. 
The stimulating influence of reduced TPM' upon the rate of 
14 
conversion of Cho1esterol-4~ to testosterone by a homogenate 
(section 8) cannot necessarily be taken to indicate that the avail-
ability of TPNH in the wh.1e cell is rete-limitiag fer the steps 
between cholesterol and testosterone. A Majer factor in the rate 
of a chemical reaction is the frequency af collision between reacting 
molecules. The cell uses at least two devices t. enable reactions 
t. occur rapidly, in spite of low concentrations (bence infrequent 
collisions) of reactants. Firstly, enzymes stimu1atebi.1ogica1 
reactions and secord1y, it is like 1y that subcellular architecture 
provides a particular arrangement of reactants Which proves most 
favorable for frequent encounter between enzyme and substrates. The 
disruption of cellular architecture caused by homogenization may 
cause concentrations of TPNH whiCh are greater than rate-limiting 
when arranged in a specific way, t. became rate-1 imiting when their 
arrangement is random. Hence, the homogenate provides s-.mething 
betweea the rand_ eRcounters of a test tube react ion on the on8 
hand aad the orgS1'lized "factory belt" of the whole cell en the other, 
since disorganization is not necessarily complete. 
It is not at present possible to accouat f.r these differeRces 
between the behavior of adrenal, ovarian and testicular tissue. 
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However, there Is reason to believe that the biosynthesis of steroids 
may differ in adrenal and testicular tissue. Kahnt and coworkers 
for example, demonstrated that adrenal tissue makes equal use of 
two alternate pathways from pregnenolone to C19 steroids (14). On 
the other hand, the data of Elk-Nes, from perfusion studies in the 
dog, indicate that when progesterone-h-C14 and l7-hydroxypregnenolone-
7-H3 ere used together as substrates for the testis, the resulting 
testosterone shows approximately five times as much H3 as C14 (IS). 
This difference in alternate pathways may affect the response of the 
two tissue to various stimuleting agents. 
Again, luteal tissue consists of large cells set in a vascular 
bed of ovarian tissue and these cells have been intensely stimulated 
by ICSH ~ vivo; such cells may differ from Leydig cells in permeability 
t. reduced TPN. Finally, species differences between the rat, the cow 
and the rabbit may be relevant. 
The role of reduced TPN in the rate of steroid biosynthesis is 
still a subject for dispute. In the adrenal, Glock and McClean 
found that a high proportion of the TPN present was in the reduced 
form (16), although the validity of the method used by these authors, 
for estimating the relative proportioRS of reduced and oxidized forms 
has been questioned (17) end the ubiquitous nature of stress as ~ 
stimulus in laborato~ animals makes it difficult to exclude stimu-
lation in vivo by endegeneus ACTH. 
It- is the contention of Haynes that ACTH increases the propor\tion 
of the TPN of the adrena1x in the reduced form (l8), It is not 
possible to e~tab1ish this contention by adding excess TPNH to adrenal 
homogenate, nor by adding cyclic AMP to slices. Among the stimuli 
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which increase the product ion of cortocosteroids by the adrenal cortex 
are freezing, ca1ciURl ions, proteo1ys is aad glucose (10,11). It 
cannot be said that this response is to be regarded as highly specific. 
The failure of cyclic AMP to increase the rate of incorporation 
of acetate-1~14 into testosterone (Section 7) by slices of rabbit 
testis and cholesterol-4-e14 into testosterone by a homogenate (Section 
8) may mean no more than that Leydig cells are not permeable to 
cyclic AMP and that cyclic AMP cannot act in a subcellular system. 
(as proved to be the case with the adrenal (19»). Furthermore, 
Q! clic AMP may not st imu1ate ~ the activat ion of test icular phosphory-
lase. 
It was observed in Section 6 of Chapter III that ICSH could 
stimulate the rate of incorporation of acetate-1-C14 into testo-
sterone without significantly changing the rate of incorporation of 
acetate-1-C14 into an uncharacterized fatty acid fraction. If TPN 
is present in the Leydig cell as a free pool available to all metabolic 
activities which require this cofactor, it would be expected that any 
change which increased the available TPNH in this pool, would stimulate 
any reaction in uhich the availability of TPNH is rate-limitin.g. If 
lCSH directlY increases the TPNH present in a general intracellular 
pool, it would be expected to promote such reactions, but if ICSH stim-
ulates steroid synthesis by same other mechanism it could inhibit other 
mactions using rFrJ,H by causing steroid synthesis to compete successfully 
for available TPNH. The failure of ICSH significantly to alter the 
rate of incorporation of acetate-1-C14 iAto fatty acids can, therefore, 
be explained in three ways, namely: 
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1. ICSH does not specifically enhance the availability of 
reduced TPN. 
2. Fetty acid synthesis is geometrically isolated from steroid 
~thesis so that the two activities do not c~mpete f.r a common 
supply of reduced TPN. 
3. The availablity of reduced TPN is not rate-limiting for 
fatty acid synthesis. 
There is little to support the idea that ICSH acts ~ actIvating 
an enz,yme present in the testis in an inactive form. In the case of 
the adrenal cortex the stimulating influence of calcium ions, 
freezing and preteolysis have beeR suggested as possible non-specific 
activators of adrenal eazymes (10). There is no evidence that ICSH 
possesses prDteolytic properties; e successfUl search for prote~lytic 
enzymes in the adenohypophysis has been made (20) and might perhaps 
have revealed proteolytic properties of ICSH if these existed. 
Neither is any evidence available to suggest that ICSH activates an 
en~e by making a divalent metal ion available or by causing such 
a drastic change in molecular structure as, for example, dimerizatian 
of phospho~lase. 
The first evidence that the action of I~ may result from 
protein synthesis came from the observation that purom.Ycin and chlor-
amphemicol were capable of iAhihiting the response of slices of 
testis to ICsa but were witheut effect upon the stimulation of slices 
seen following administration of HCe ~ ~ (Section 10). The last 
observation shows that HCG .!!l ~ causesEi change within the Leydig 
cells which purom.Ycin and chloramphemicoj cannot subsequently inhibit 
l! ~ end since both substances are selective inhibitors of pretein 
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synthesis, it is logical to conclude that they inhibit the synthesis 
of protein which is necessa~ fer the activity of ICSH, but that they 
cannot inhibit the action ef the newly synthesized protein nor do 
they inhibit the incorporation of acetate into test.sterene by any 
other mechanism. Unfortunately the limited and variable incorpora-
tion of acetate into testosterone shown by unstimulated slices dees 
not permit the di~ct experimental approach of adding puromycin 
to unstimulated slices In order to demonstrate that the aatibietic 
does not inhibit ste~id synthesis by such slices. Moreover, 
puromycin does not inhibit the rate of cenversion of cholestcrol-4-
14 C to testoster4!lle by a homo gem. ate of testicular tissue an.d such 
a preparation is not stimulated by addition of ICSH (Section. 8). 
More is known about the detailed mechanism of actien of ch1er-
amphemice1 (21) than about that of puromycin and most of the early 
studies were performed with microorganisms since both compounds are 
widely used as antibiotics. Chleramphemico1 produces complete inhi-
bition of the growth of bacteria in concentrations of 1-10- p'j per ml, 
in contrast to the wide variation in the dose of penicrl1 in Nquired 
t. produce the same effect (21). All species of bact;eria have been 
shDwn to be sensitive to ch1oramphemico1, although resistant strains 
are well known. The ceftcentretion required to inhibit protein 
synthesis in plants and animals is greater and mere variable (21). 
A recent review reports a vast number ef experimett s which 
establ islled chlcramphemicol as a specific inhibitor of protein syn-
thesis (21). The ergument is based upon exclusion of other possible 
mechanisms of inhibition of growth. For example, chloramphemico1 
dees net inhibit the oxidation of numerous substrates tested, nor the 
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synthesis of glucose, ATP, amino acids and numerous other important 
cellular metabolites. The synthesis of purines, p,yrimidines, nuc1eo-
tides and nucleic acids is likewise unimpaired by chloramphemico1. The 
accumulation of free amino acids within the cell is nomal in the presence 
of ch1oramphemicol and the "free amino acid pooltt increases at a rate 
approximately equal to the rate at which amino acids ere incorporated 
into protein in control inctibatiofts without ch1oramphemico1. 
On the other har,d, 10)J.g of ch1oramphemico1 per m1 of medium causes 
a 9,-100 per cent inhibition of pr'otein synthesis by growing cells. Aft 
impressive list of enzymes has been studied aad in more than 20 of 
these it has been possible to show that ellzyme activity is main.tained 
but synthesis is impaired by chloramphemicol. In some cases, it has 
been shown that the act!vatioR of inactive enz,yme precursors proceeds 
nor.ma11y in the presence of the aatlbiotic. Finally, in cells which 
are not growing, it has been shown that chloramphemico1 does not affect 
the degradation of protein (21). 
Of the three well recognized steps in protein synthesis (amino acid 
activation, transfer to soluble RNA and transfer to protein.), it is likely 
that ch1oramphemiool inhibits the last of these, although at vb-at point 
and in what MPnner remain uneertain. The RNA synthesized in the presence 
of chloramphemicol is unstebleand the propert les of the ribosomes are 
altered (21). 
It has elso been shown that puromycin is a specifie inhibitor of 
protein syntheSis and it is believed to act at the same step in the 
s.ynthesis of protein as chloramphemicol (2),24). Nathan! sad Lipmann 
found that 200 pg/ml of puromyc in caused more thaa 90 per cent 
, inhibition of the incorporation of labeled amino acids into TCA 
precipitable material by liver microsome! (24). Hot TCA has 
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been feund necesse~ t. prevent precipitation et amino acids bound 
b,y non-specific fGrces (21,22). 
The findIng that ahleramphemicol and puromycin ir~ibit the 
response of slices of testis t. ICSH makes it likely that thi's 
response involves protein synthesis. More direct evidence for 
this idea is shewn in the experiments reported In Sectl.R 10 of 
Chapter III in Which lCSH wes,sh.~ t. stimulate the rate of 
iru:erporaticm. of labeled amino acids lnte IIsterial precipitated. 
by het TeA. this st mulation was seea after iaJectlon ef lCSH end 
HQ.'j!!l.!!!!. for 3 del's I?lnd in beth cases after 8 single intraveftous 
iaJectien.. 1ft these experiments ofte testis from eadl aRillel se1"V'8d 
as. the coatrel for the response of the sec.ad test Is to the trophic 
h.raorue. Since it was pessible to demollstrate increased htcerpera-
tien of amino acids into protein within ene heur of a;'siftgle intra-
.', 
ven.us injection, such synthesis of pretein ceuld be iftvolved in thl 
increased rete of incorporation of acetate-l-c14 lat. test.sterone, 
which folilows a single intravenous iftjection of lC9i (SectioR 10). 
Studies of the incorporation of amine acIds into pretein by 
slices of rabbit testis with aad witheut ICSH l!!. vitr.s sh.wed that 
a sign.ificant increase in the rete of such incorporation eccurred 
with'ill 20 minutes, in the presence of ICSH. In tl1.ese experiments 
valine shewed a greeter respense than tryptophan. Since the increase 
in the rate of inoorporatieR of acetate-l-Cl4 iat. testosterone 
preduced by ICSH in vitre requires at least one heur of incubatien 
ift the pre.ent system (section 2), the Increased incorporatioR .f 
mine acids into protein is sufficiently rapid to be lavelved in 
this respon.se. 
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The decisive inhibition of the incorporation of amino acids into 
protein in the presence of puromycin, in both stimulated and unstimu-
lated slices, indicates that true incorporation was being measured. 
Further re8SSUral"lCe was provided by comparing stimulated and \.1[lst 
u1ated slices from one animal. The importance of such reassurance is 
indicated by the possibility of artifict'itious incorporation, as 
described by Simkin (26). 
If protei n synthes is is an integral part of the response of Leydi~ 
cells to ICSH, it might be conjectured that the newly synthesized pro-
tein is an en~e involved, directly or indirectly, in steroid biosynthe~ 
s.is. This raises the question of which part of the biosynthetic pathway 
is subjected to stimulation by ICSHo It has not been possible to demon-
strate stimulation by ICSH of the conversion of cholesterol-4=Cl4 to 
testosterone by a homogenate and the conversion of cholesterol-4=C14to 
testosterone by an unstimulated homogenate cennot be attributed to the 
presence of whole cells, since cho1esterol-4=Cl4 is not converted to 
testosterone by slices of rabbit testis (presumably because it fails to 
enter the cells (Section 2}). On the other ~and, injection of HCG in 
vivo for periods of from one hour to 3 days, causes increase in the 
rate of incorporation of acetate~l-C14 into testosterone by slices in 
vitro (Section 10). However, injection of HCG in vivo does not cause 
14 14 
incorporation of acetate=l~C or of mevalonate-2-C into testo-
sterone by a homogenate, either whole homogenate or the super-
natant layer left after centrifugat ion r:t 650 x g for 15 minutes 
(Section 8). When pregnenolone~7-H3 was used as substrate for a 
homogenate it was not possible to show that ICSH in vitro, increased 
the rate of conversion of this substrate to testosterone (Section 8). 
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Finally, no significant radioact ivity was detected in the ttcho1estero1 
fractionn, removed by column chromategraphy, when acetate-1-C14 was 
used as substrate for a homogenate but significant redieactivity 
wes found in this fraction when acetate-1-C14 was used as substrate 
fer sl ices (Section 8). 
Perhaps the simplest explanation for these observatitAs is that 
ICSH ~cts at seme stage before the synthesIs of cholesterol and 
hence injection of HCG 19 Yl!! does not stimulate the conversion of 
cho1esterol-4-e14 to testosterone by a homogenate in vitro. Slices 
of testis, in the presence of ICSH, show increased incorporation of 
14 
acetate-1-C into testosterone, since the trophic hormone acts 
before cholesterol aRd once an enzyme, normally present in rate-
limiting amounts, is synthesized, the cenversion of acetate 
t. testosterone is stimulated in the whole cell. In the homogenate, 
however, certain early intermediates (before cholesterol), become 
"1ost" by dilution and stimulation is not seen. Presum.ab1y tm cell 
architecture is net so far destroyed as to prevent cho1esterol-4-C14 
undergoing the changes required to produce testosterone. 
Alternatively, it is possible that stimu1atien hy ICSH is 
not seen in the h0.Mogenate because this is prepared by the method 
of Bucher ~ a1. for sterol synthesis in liver (13) and makes 
inadequate provision of cofactors required for protein synthesis. 
The ebservati on that the acId-labile fract ieft (pege 109) soows 
less radioactivity during the stimulation G)f steroid biosynthesis 
by ICSH (Section 11) would suggest that ICSH ects after the forma-
tion of fsmesy1 pyrophosphate. This fr~cti •• measures dimethy1a11y1 
alcohol, isopenteny1 alcohol, gerano1 end farneso1 (21). 
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During the experiments reported, the Bctionof ICSH in yitro on 
slices of testis was used to provide certain information not relevant 
to the mechanism of action of the hormone. 
1. Testicular tissue in the rabbit contains the fatty acids, 
palmitate, palmitoleate, stearate and oleate end 2drena1 tissue contains 
palmitate, stearate and oleate in the same species. The relative 
proport ions and total quant it ies of these acids are not significant ly 
altered in either tissue during increased steroid iosynthesis in vitro. 
2. Aqueous solutions of ICSH, whether cold (l8°C) or frozen, 
lose gonadotrophic activity after a period of several weeks. 
3. Three preparations of sheep ICSH, although prepared by differ-
ent methods, showed no significant difference in potency in the 
preseftt assay system when tested in two different concentrations. 
4. Pituita~ tissue stimulates the rate of incorporation of 
acetate-l-C14 into testosterone by slices of rabbit testis in ~. 
Moreover, during a two hour period of incubation approximately half 
of the gonadotrophic activity present in slices of pituitary tissue 
is 'released from the cells into the medium and this fraction is sig-
nificant1y increased by the presence of hypothalamic tissue in the 
medium (Section 5). As yet, it has not been possible to compare 
different areas of hypothalamic tissue in detail but supraoptic nucleus, 
paraventricu1ar nucleus and median eminence all appear to be active; 
vasopressin was without demonstrable effect (Sect ion 5). 
5. The puzzling observation was made that FSH in ~ inhibits 
the st imulation produced by HCl1 administered .!.!2 Y.!!.£, upon the rate 
of incorporation of acetate-l=C14 into testosterone by slices of 
rabbit testis (Section 3)" On the other hand, FSH in vitro does not 
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inhibit the conversion of cholesterol-4~l4 to testosterone by 
homogenate of testes from animals which had received HCG in ~ 
( Se ct ion 8). 
These observations do not, at present} admit of ready explana= 
tiOR. The effects of HeG in the whole animal (page 26) are complex 
end probably include stimulation of the germinal epithelium. It may 
be that the germinal cells, having been stimulated lB vivo, compete 
with Leydig cells for acetate when slices are exposed to FSH l!! 
!!i!2, since the latter may cause further stimulation of the germinal 
cells, 1£ vitro. This effect of FSH is not inhibited by ch10ramphem~ 
ico1 an~ therefore, probably does not involve protein synthesis. Again, 
FSH does not inhibit the homogenate of testes from animals pretreated 
with HOG, so that the hormone does not inhibit the later steps in the 
biosynthetic pathw~ in a subcellular system. 
Versene and cysteine have been shown to decrease the potency of FSH 
(page l6)but the ommision of these substances from the medium in 
which a testicular homogenate was prepared did not affect' the rate 
14 
of conversion of cholesterol-4-C to testosterone by such an homogenate 
in the presence of I~H (Section 8). 
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SUMMARY 
1. Interstitial cell-stimulating hormone increases the rate 
at which acetete-l-C14 is incorporated into testosterone by slices 
of rabbit testis in vitro. 
2. Freezing does not increase the rate at which acetate-l-C14 
is incorporated into testosterone by slices of rabbit testis 
in vitro. 
--
3. Addition of pyridine nucleotides (oxidized or reduced) or 
of cyclic AMP, does not increase the rate of incorporation of 
acetate-l-C14 into testosterone by slices of rabbit testis in vitro. 
4. Freezing, addition of glucose or reduced TPN to the medium 
and preincubation with or without glucose, neither impair nor enhance 
the response of slices of rabbit testis to ICSH in vitro. 
5. The response of slices of rabbit testis to ICSH ~ vitro, 
does not involve increase in the rate of incorporation of ecetate-
l-C14 into fatty acids. 
6. Homogenate of rabbit testis is capable of converting 
cholesterol-4-C14 and pregnenolone-1-H3 to testosterone. The rate 
of conversion of these substrates to testosterone is not increased 
by ICSH but the conversion of cholesterol-4-C14 to testosterone is 
increased by addition of reduced TPN. 
7. Administration of HeG or ICSH in ~ causes increase 
in the rate at which slices of rabbit testis incorporate acetate-
l_C14 into testosterone in vitro. 
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8. Puromycin and ch10ramphemicol prevent the response of 
slices of rabbit testis to ICSH .!n. vitro, but do not inhibit the 
increased rate of incorporat ion of acetate=1=c14 into testosterone 
by slices in vitro, following administration of HOG in vivo. 
- --
9. MOO .!!l Y.!!.2 and ICSH both in Y..!Y2. and in vitro, increase 
the rate at which the amino acids valine-l-C14 and t~ptophan-l'-Cl4 
are incorporated into protein by slices of rabbIt testis in vitro. 
10. The combined radioactivity of the terpene alcohols (i50-
penteny1 alcohol, dimet~lal1y1 alcohol, gerano1 and fsrneso1) is 
lower in slices of rabbit testis stimulated by ICSH in vitro than 
in unstimulated slices, with acetate-1-C14 as sUbstrate. 
11. Slices of canine anterior pituitary tissue release gonado-
trophic hormone into the medium during incubation in Krebs-Ringer 
bicarbonate buffer in vitro. The rate of release of gonadotrophic 
hormone from such slices is increased by addition of slices of 
hypothalamic tissue to the medium. 
In conclusion, present evidence mqy be said to indicate that 
ICSH acts upon testicular tissue by stimulating protein synthesis 
and that the effect of this stimulation is active at sane stage in 
the biosynthetic pathway after farnesy1 pyrophosphate. 
RESEARCU PROPOSALS 
I. Digestion of human chorionic gonadotrophin (RCG) with pepsin 
has been reported to :yield dia1ysable fragmet.lts which possess 
biological activityl, So far, these investigations have not been 
reported in detil1l' but fl.·agments resulting from the controlled diges-
tion of BCG by pepsin, could be tested !.!l !"itro with slices of 
rabbit testis to find,wbich fragments were eapable of sti~ulating 
, 14 
the rate of incorporation of acetate-l-e into testosterone. The 
method of assay to be used in these studies has been reported in 
the accompanying thesis. 2 The fragments of lowest ~oleeular weight 
which are active !n vitro would be suitable for studies of amino 
acid sequence. 
lWettstein, A. and. Benz, F,. U. S. Pat. 1;2734011, 1956. 
2Ba11 , P. F. on the Mechanism of Action of Interstitial Cell-
Stimulating HormOne. PhD. thesis, University of Utah, 1961. 
II. Four of the eight phosphate groups found in phosphorylase a 
are present in the form of pyridoxal phosphate. Fischer!!!i. have 
shown that pyridoxal phosphate is not found in phosphorylase as a 
Schiff base but as a secondary ami'lie derivative l • Pyridoxal phosphate 
can be removed from the ellzyme with complete loss of enzymatic activity, 
and can be reintroduced iuto the molecule with restoration of aetivity2. 
These findings indicate that the mechanism of action of pyridoxal 
phosphate il.1 phosphorylase differs from the conventional mechanism 
proposed to explain its many activities in other biological systems3. 
Since pyridoxal phosphate can be reversibly removed from phosphorylase, 
it is proposed to replace this cofactor by a number of model compouuds 
to see what structural properties are required to restore enzymatic 
activity. 
Fortunately numerous model compounds have been prepared to 
study other activities of pyridoxal 3. The following are of interest: 
(I) Replacement of pyridine nitrogen by a nitro group: 
(a) (b) 
nHO 
HO . J"-<:'H2 OP \~,~ 
. , 
N02 (II) Fixation of one nitrogen valence by a methyl 
CHO 




(III) Change in the spatial relationship between pyridine nitrogen 
and the aldehyde group: 
(a) (b) 
HO_(~r CH20P 
OHC -t ) 
NI' 
(IV) Change in methyl side chain: 
(a) (b) 
(v) Removal of Nitrogen: 
lKent, A. B., Krebs, E. G. and Fischer, E. H. J. BioI. Chem., 232: 549, 1958. 
2eori , C. F. and Illingworth, B. Proc. Nat. Acad. Sci., 43: 547, 1957. 
3Snel 1 , E. E. Vitamins and Hormones XVI; 77. 1958. 
III. III experiments in which the influence of interstitial 
cell-stimulating hormone upon testicular tissue !E vitro is studied. 
two major difficulties arise, namely the bulk of inactive tissue 
present intbe form of sem1uiferous epithelium and the possible 
iLlfluence of variation in the circulat'ing concentrations of endogenous 
gonadotrophins in the living animal. One approach which may reduce 
the interference arising from these factors is the use of hypophy. 
sectamized animals, 
It would be necessary to study the synthesis of steroids 
by testicular tissue at varying intervals after hypophysectomy. ' 
since resistance has been described to the administration of ICSH 
in !!!2 if the time between operation and the commencement of 
treatment exceedes seven to ten daysl, 
In this way it may be possible to find a time after 
operation at which the Leydig cells show maximal sensitivity to 
ICSH. At such a timet studies of the mechanism of action of ICSH 
could be conducted along the lines reported in the accompanying 
thesis2, in the hope that the Leydig cells may be more sensitive to 
ICSH than in the intact animal. It is proposed to study especially 
the capacity of slices of testis from hypophysectomized animals to 
incorporate labeled amino acids into protein and the response of a 
homogenate of testis from such animals to reduced TPN. In this way 
it may be possible to uncover the first response to ICSH. 
lSimpson, M •. E., Li, C. H.and Evans. H. M. Endocrinology, 30: 
969, 1942. 
2Hall , P. F. tln the Mechanism of Action of Interstitial Cell-
Stimulating Hormone. PhD. Thesis, Univer,icy of Utah, 1961. 
IV. Although thyroxine has been shown to influence the activity of many 
enzymes, two of these are of special interest. TPN-cytochrome reductase 
actiYity is significantly reduced by thy~oidectomy and this reduction is made 
good by feeding thyroxinel • The enzyme a-glycerophosphate dehydrogenase is 
increased in liver 4 to 7 times following feeding with thyroxine. Ethionine 
inhibits this response, suggesting that protein synthesis is involved2• 
Recent studies of amphibian metamorphosis have shown that thyroxine 
also stimulates the synthesis of carbamyl phosphate synthetase and tha.t 
thiouracil inhibits this synthesis by becoming incorporated into ~JA3. 
Since the mechanism of action of thyroxine is a subject of considerable 
interest and .since no biochemical factor common to its role in metamorphosis 
and its role in the adult annual has been found, it will be of ll1terest to see 
whether thiouracil can impair the response of TPN-cytochrol1le reductase to 
th~~oxine in the thyroidectomized aniwal and the response of~glycerophosphate 
dehydrogenase to thyroxine feeding. 
~hi1Iips, A. H. and Langdon, R. G. Biochtm. Biophys. Acta, 19: 380, 1956. 
2Lee , Y., Takemori, A. and Lardy, H. Jo BioI. Chern., 234: 3051, 1959. 
3park, vi. K., and Cohen, P. P. J. Biol. Chem., 236: 531,1961. 
v. Increased biosynthesis of steroids requires an increased 
supply of reduced TPN and although this could be provided in a 
number of ways, present irlt~rest centers aliound mechanisms which 
could stimulate the rate of cisposal of glucose-6-phosphate by way 
of the pentose phosphate pethway. It is known that ACTH depletes 
the adrenal cortex of Glyccg8n but it has not been possible to show 
whether the resulting increase in liberation of glucose units is a 
primary effect of ACTH which stimulates steroid production or a 
secondary effect resulting from a feedback mechanism by which it is 
coupled to the steps of steroid biosynthesis in such a way as to 
maintain TPN in a state of reduction. 
Cohen has shown that the oxidative disposal of glucose by 
resting Escherichia coli cells is predominantly by the Embden-Meyerhof 
pathway, while rapidly growing cells chiefly use the pentase phosphate 
pathwayl. Allen and Powelson have shown that in bacteria, growth, as 
distinct from cell division, is associated with a similar shift in favor 
of the pentose phosphate pathway2. 
It is proposed to employ the methods described by these authors 
to measure the relative disposal of glucose by the two pathways mentioned 
in the adrenal cortex 12 vitro, with and without ACTH. If the proportion 
of glucose units entering,the two pathways is unchanged by ACTH, the 
possibility of a feedback mechanism must be considered. If ACTa 
increases the proportion of glucose entering -the pentose phosphate 
pathway, a primary effect of ,the hormone on carbohydrate metabolism is 
likely. 
ieohen, Po S. Phosphorus Metabolism. Vol. I., page 148. Ed. McElroy 
2 and Glass. Johns Hopkins Press, Baltimore, 1951. 
Allen, S.H.G.,J~. and Powelson, D. J. Bacteriology, 75: 184, 1958. 
VI. When male rats are fed a diet containing 2% cholesterol, considerable 
depletion of the liver depot of vitamin A is observed. This phenomenon is more 
clearly seen in immature male rats and is not seen in fen~les, ~j~ture or 
adultl • It would seem that three explanations can be suggested to account for 
these observations: 
1. Cholesterol impairs the intestina.l absorption of vitamin A. 
2. The storage of cholesterol requires the metabolic disposal of 
vitamin A • 
.3. Cholesterol successfully competes with vitamin A for some aspect of 
hepatic storage. Both substances are transferred to the Kupfer cells 
from the reticuloendothelial cells of the liver. 
Since the accumulation of cholesterol in the body is one of the 
important fields of current medical research, the striking findings mentioned 
above suggest a series· of e:h'J)eriments to explore the mechanisms involved in the 
sterage of cholesterol and vi tarun A. 
In the first place it is proposed to lllplant pellets containing 
vitamin A in the ~pleens of uronature rats during a period of cholesterol feeding 
in order to exclude the first possibility mentioned above. If it turns out that 
diminished intestinal absorption of vitru~in A is not responsible for the 
phenomenon mentioned, perfusion of whole rat liver would be sucgested as the 
next experimental procedure. The rate of uptake of vitamin A from the perfusing 
fluid would be measured in livers from animals fed a control diet and from those 
receiving extra cholesterol. ACall1, cholesterol in various concentrations could 
be added to the perfusing fluid tOGether with va.rious doses of vitamin A. 
It ha.s usually proved easier to study the action of vitamin A in 
depleted animals2 • Vitamin A pellets could be iraplanted in the spleens of 
depleted rats and the influence of cholesterol feeding could be studied to 
determine whether cholesterol could affect the deposition of vitanrln A in such 
rats. Since vitamin A_2_C14 is available, the e}q)eriment could be conducted 
over a wide r&1ce of dosage. 
-These studies are seen ae prelindnary to detailed exploration 
ot ch~~ieal factors involved in the storage of cholesterol and vitamin A. 
The subsequent experiments would be planned on the basis of the findings 
from these preliminary investigations. 
• 
1 Green, B., Horner, A. A., Lowe, J. S. and Norton, R. A. Bioehem. J. t 67:234, 
1957. 
~.loo:re. T. V1tarain A. Elsevier Publishing Co., Amsterdam, 1957. 
